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RESUMO

O objetivo desta Tese foi estudar a assembleia a@lgep da zona de
arrebentacdo de duas praias arenosas, adjaceistenofites da barra da Lagoa dos
Patos, com relacao: i) a variabilidade espacialqueeza e na abundéancia da assembleia
de peixes; ii) a influéncia dos molhes sobre a danaia e diversidade de peixes; iii) o
uso de diferentes amostradores para avaliar aéimfla na composicdo de espécies,
riqueza e estrutura de tamanhos; e iv) possiveiagé®es interanuais na composicao e
abundancia da assembleia de peixes destas prarastaito, analisou-se um banco de
dados de coletas mensais continuas, para um peatéod@ meses (Maio 2001 a Maio
2002) e um segundo periodo de 24 meses (Julho2008ho 2011), usando diversos
petrechos de pesca. Os principais resultados abirdbbicam um forte padrao sazonal
influenciando no aumento da abundéancia e da rigdezsspécies presentes na zona de
arrebentacdo durante os meses mais quentes, esquelites da barra da Lagoa dos
Patos ndo promove mudancgas espaciais na compaosggpéecies, em ambas as praias.
A diferenca entre as praias esta mais relacionaalbuadancia de algumas espécies,
como por exemplo, a tainRkdugil liza, que é significativamente mais abundante na
praia do Cassino, associada, fundamentalmentepard@& da pluma estuarina que é
mais intensa no lado oeste dos molhes. Com refacamparacao entre redes de arrasto
de praia, observou-se que ambas as redes utilifdada80 m) podem ser consideradas
complementares em relacdo a distribuicdo de tansanbois capturam a mesma
composicao de espécies dominantes, mas com a raide capturando uma grande
parcela de individuos maiores que 60 mm de compitonetal. A rede de espera
(feiticeira) nao foi considerada um bom amostrgmoa 0 uso na zona de arrebentacéo,
mas pode ser usada como um amostrador complenpartaicapturar individuos com
tamanhos maiores. A variabilidade na riqueza déasyp foi explicada por um conjunto
de sete variaveis, sendo que a sazonalidade ® @¢ipede de arrasto de praia usada
foram as variaveis que detiveram a maior parcelsadi@bilidade (19,2%). Dentre as
espécies dominantes nos dois periodos analisddlofiza, Trachinotus marginatys
Menticirrhus littoralis e M. americanusregistraram uma significativa queda na
abundéancia média ao longo dos periodos, sendo atgtaiida principalmente a

variabilidade natural no recrutamento destas espéelou a forte pressdo de pesca
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exercida sobre estas espécies ao longo dos ultmos. No entanto, com relagdo a
dltima parte desta Tese, analise mais criteriosa der realizada.
Palavras-chave: sazonalidade, diferentes amosé®damodelos lineares

generalizados, mudancga interanual, Atlantico sudoes



ABSTRACT

The aim of this Thesis was to study the surf zaslke dssemblage from two
sandy beaches adjacent to the Patos Lagoon jéfteessino in the west side and Mar
Grosso in the east side), with respect to: i) theability of fish assemblages richness
and abundance,; ii) the influence of the jettiesfish abundance and diversity; iii) the
influence of the use of differents sampling gearsaassess fish species composition,
richness and size structure; and, iv) possibleranteual changes in fish assemblage
composition and abundance between those two beathes, we analyzed a dataset of
monthly collections for period of 12 months (May020to May 2002) and 24 months
(July 2009 to June 2011), using a diverse setmpsg gear. The main results indicate
a strong seasonal pattern influencing the increéfish abundance and species richness
during the warmer months, and that there is nactlirdluence of Patos Lagoon jetties
on species composition, at both beaches. Nevesthelbe difference between the
beaches is more related to the abundance of sosegespsuch as the mulltugil liza,
which is significantly more abundant in Cassino &eand, mainly associated with the
estuarine plume that is more intense on the welst sf the jetties. In relation with
beach seine net comparison, we observed that bedhs guised (9 to 30 m) can be
viewed as complementary, once they capture the sdon@nant species, with the
largest net capturing more individuals greater tié@mm total length. The other
sampling gear tested (trammel net) was not corsidargood sampler for surf zone
area, but can be used as a complementary sampaptiore additional individuals with
larger sizes. The variability in species richnesas vexplained by a set of seven
variables, and seasonality and type of beach seed were the variables accounting
for the largest share of variability (19.2%). Amathg dominat species caught in both
periods analyzedM. liza, Trachinotus marginatysMenticirrhus littoralis and M.
americanusshowed a significant decrease in average abundareethe periods. This
drop in abundance may be attributed to naturalabdiiy in the recruitment of these
species and/or the increase in fishing pressure tineelast few years. However, with

respect to the last part of this Thesis, more caeafalysis should be done.

Key words: seasonality, different sampling geaeneagalized linear models,

interannual changes, southwest Atlantic



Prefacio

Esta Tese de Doutoramento foi estruturada confaynmeodelo alternativo,
proposto pelo Programa de Pdés-Graduacdo em OcediaoBioldgica. Na primeira
parte do trabalho, redigida em portugués, sdo aptados aspectos gerais da
introducédo, metodologia, resultados e concluséesedunda parte consta de quatro
manuscritos, trés em inglés (um aceito para puticaum submetido conforme parecer
interno da banca avaliadora e outro inédito) e uartg, também inédito, em portugués.
Cada manuscrito possui objetivos especificos eesstaturado de forma independente,
conforme modelo proposto pelo periddico onde el@t@iosera submetido. O conteudo
destes manuscritos é complementar, e em conjutgingdem aos objetivos cientificos

desta Tese.

1. INTRODUCAO GERAL

As praias arenosas marinhas sdo encontradas ao ttangjnha de costa de
regides tropicais, subtropicais e temperadas, itomsto uma importante area de
recreacdo, além de abrigar uma grande variedadeeaesos naturais, tais como
moluscos, crustaceos e peixes. Este habitat ocojeaposicdo de interface entre o
continente e o oceano, e devido a sua capacidadebsi@ver a energia de onda,
constitui-se em um dos ambientes mais dinamicodinttea de costa. A zona de
arrebentacdo destas praias € considerada um ¢eossissemifechado e auto-
sustentavel, onde existe uma continua, porém \@riéoca de agua e nutrientes entre a
parte rasa (zona de arrebentacdo) e as aguas rohiadas ¢ffshorg (McLachlan e

Brown 2006).
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Os principais parametros fisicos atuantes nas @n0sas sdo a acado das
ondas e do vento, das correntes marinhas cos{@ragshore currents, rip currents,
undetowe set up, e das marés (Calliari et al. 2003, Veloso e Ne&2@09); sendo que
cada um destes fatores influencia de forma direteododinamica da praia. As praias
arenosas podem ser classificadas em trés tipasp@isas, intermediarias e refletivas)
com caracteristicas distintas, e que de certa fatitaan a estrutura e composicao de
espécies presentes nestes ambientes (Short 198@% Bissipativas como as da area de
estudo, apresentam uma zona de arrebentacdo lamgameum baixo gradiente
topografico, onde a energia de onda é transforread&et ug (subida do nivel médio
do mar) e fluxos de correntes de retomip ¢urrents, os quais podem ocorrer devido a
variacfes espaciais na altura da arrebentacaogiCetlal. 2003).

Embora considerados ambientes com uma baixa cormdatex de habitats e
elevada hidrodindmica, a zona de arrebentacdoaéecticho uma importante area de
criacao, alimentacdo e recrutamento para inUmespéces de peixes, atuando como
rota de passagem e/ou habitat para larvas e juderatgumas espécies (p. ex. Harris et
al. 1999, Pattrick e Strydom 2008, Sato et al. 2008 entanto, se comparada com
outros ambientes marinhos e costeiros (p. ex. @sgldnanguezais e recifes de corais)
a zona de arrebentacéo de praias arenosas apresentaenor diversidade de peixes,
com poucas espécies dominantes e aptas a vivergendmseu ciclo de vida neste
ambiente (McLachlan e Brown 2006).

Os fatores fisicos sdo os principais controladadas abundéancia e da
distribuicdo da fauna presente na zona de arrg@EntéSchoeman et al. 2000); no
entanto, as interacdes bidticas (p. ex. dispodauike alimentar, predacédo, competicao,

areas de desova) também exercem uma forte influésamibre o uso da zona de
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arrebentacdo, pelas espécies de peixes (Vascanadllal. 2010). Neste sentido, a
grande maioria dos estudos relacionados a assemblei peixes da zona de
arrebentacdo de praias arenosas tém concentradcesiEucos em abordar variacdes
diarias e sazonais na estrutura da assembleia.(plomteiro-Neto et al. 2003, Pessanha
et al. 2003, Nanami e Endo 2007, Gaelzer e Zaln@@®8,2Vasconcellos et al. 2011, ),
variacbes espaco-temporais (p. ex. Clark et al6,1%&na e Vieira 2009, Hackradt et al.
2011, Jarrin e Shanks 2011), estrutura troficaegp. Monteiro-Neto e Cunha 1990,
Rodrigues e Vieira 2010, Niang et al. 2010, Bergengt al. 2011) e a influéncia de
variaveis fisicas (p. ex. Gibson et al. 1993, Layne&a al. 2000, Beyst et al. 2002,
Vasconcellos 2007, Inoue et al. 2008, Inui et @lL.@. No entanto, estudos abordando a
reacao da ictiofauna em razdo de obstrucdes fidispsestas no ambiente praial (p. ex.
quebra-mar, molhes; ver Cenci et al. 2011, Mikainale2012), e a comparagao do uso
de diferentes amostradores (ver Prestelo & Monfdet in pres3, como forma de
obter uma ampla visdo do comportamento e da esiruta assembleia de peixes
presente neste ambiente tdo dinamico, ainda sassesc

De fato, a grande maioria dos trabalhos realizadosona de arrebentacdo de
praias arenosas utiliza somente um tipo de reda&rrdsto de praia (amostrador) para
coletar a assembleia de peixes presente neste rdmbiporém com variados
comprimentos e tamanhos de malha (p. ex. Clark ,1B8/man 2000, Wilber et al.
2003). Neste sentido, pode-se estar observandonsemena parcela da estrutura da
assembleia de peixes, assim, informacdes a regpeituitras espécies e outros papeéis
ecologicos, podem estar sendo perdidas. Além de,made-se estar subestimando a
real estrutura de tamanhos da assembleia de p#axesna de arrebentacéo, visto que

redes pequenas e com malhas de menor tamanhorarapta sua grande maioria,
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(Rodrigues e Vieira 2012), podem néo estar captieramdividuos maiores e de natacao

mais rapidaKiha et al. 2008)

Por ser area de criacéo e rota de passagem deaa@spécies que buscam o
estuario para o seu desenvolvimento, este ambjgmie estar sendo frequentado
esporadicamente por individuos maiores e que sdasorecidos pela rica fonte de
presas, tais como a elevada abundancia de peixesigu(p. ex. Monteiro-Neto et al.
2003, Lima e Vieira 2009, Rodrigues e Vieira 20¥2)de macroinvertebrados
bentdnicos (Neves et al. 2008). De fato, sabeugeagjzona de arrebentacdo nao €
frequentada somente por peixes juvenis de menareanhos, visto que exemplares
subadultos e adultos de determinadas espécieeséados em determinadas épocas do
ano, ao longo de todo o litoral do Rio Grande df Swstentando uma consideravel
pesca amadora e artesanal (Peres & Klippel 200 et al. 2005).

Com base neste contexto, estdo fundamentados 9riréeiros capitulos
desta Tese, que de uma forma geral, visam: i)avalinfluéncia dos molhes da barra
do estuéario da Lagoa dos Patos, na composicaorelacia da assembleia de peixes
das praias do Cassino e do Mar Grosso (ANEXO)lzamparar a eficacia do uso de
trés diferentes tipos de amostradores, em obteretrato fidedigno da assembleia de
peixes da zona de arrebentacdo destas praias (ANEX®iii) avaliar a variabilidade
da assembleia de peixes das praias do CassinMard@rosso, frente a um conjunto de
variaveis explanatérias, além de comparar a estragkel tamanhos e abundancia relativa
dos juvenis das duas espécies dominantes em ambaias, a tainhd/l. lizae o
pampoTrachinotus marginatufANEXO ll11).

Por outro lado, além da andlise da relacdo caeda/eéntre as variaveis

abidticas e bidticas na estruturacdo da assemtdejgeixes da zona de arrebentacao,
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recentemente, grande atencdo tem sido dada paienpEctos antropicos diretos
(aumento da poluicdo organica, obras costeirasyaeativo, aumento da pressao de
pesca) e indiretos (mudancas climaticas) nas pasea®sas (Defeo et al. 2009). Neste
sentido, tem-se buscado analisar séries de dadgsosta por mais de um ano de dados
coletados (séries temporais), a fim de se ideatifi@drées e tendéncias, que poderiam
estar sendo detectados quando estudados someiddogecurtos (p. ex. 12 meses).
Sendo assim, e considerando a importancia da zenarrdbentacdo como area de
criacao e alimentacdo (McLachlan e Brown 2006)jmag®mo rota de passagem para
muitas espécies de peixes marinhos costeiros emx&oncom sistemas estuarinos
(Able et al. 2011), e que apresentam uma considerportancia econdémica para a
regido (p. exM. liza, T. marginatusMenticirrhus americanug M. littoralis), buscou-
se avaliar possiveis variacfes interanuais na ceiggime abundancia da assembleia de
peixes da zona de arrebentacdo das praias em gatéaode identificar os fatores que

podem estar influenciando nestas possiveis vagsg@i¢EXO V).

1.1. Objetivo geral

Analisar a estrutura da assembleia de peixes dad®arrebentacdo das praias
arenosas adjacentes ao estuario da Lagoa dos Rdiwsde identificar influencias de
variaveis ambientais e de uso de diferentes antmsta sobre a ictiofauna, bem como

identificar mudancas na composicao de espéciearedlahcia, ao longo dos anos.

1.1.1 Objetivos especificos

Objetivo 1(ANEXO I):
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1) Testar a hipotese de que a presenca dos mahesrih da Lagoa dos Patos,
impbe diferencas na composicdo de espécies e malamtia da ictiofauna entre as
praias do Cassino (abrigada) e Mar Grosso (exposta)
2) Descrever e comparar a estrutura da comunidadantbas as praias,
identificando possiveis correlacdes entre a tenyerae a salinidade da agua em

superficie, e transparéncia da coluna d’agua, tnatea da assembleia de peixes.

Objetivo 2(ANEXO 1)

1) Comparar a eficacia de trés amostradores distirpara o julgamento
prévio, da composicao de espécies presente nadecaaebentacdo das praias arenosas
adjacentes ao estuario da Lagoa dos Patos;

2) Testar a hipétese de que o uso de diferentesteadores, em estudos de
ecologia de peixes da zona de arrebentacdo despaaenosas, pode apresentar

diferentes resultados dos padrdes observados.

Objetivo 3(ANEXO 1lI)

1) Avaliar os padrbes de variabilidade da assemluleipeixes de duas praias
arenosas, usando um conjunto de variaveis amlsemaia explicar os padrdes
encontrados;

2) Comparar a abundancia relativa e a estrutur@mdanhos délugil liza e

Trachinotus marginatysia zona de arrebentacdo de ambas as praias.

Objetivo 4(AEXO IV)
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1) Testar a hipétese de que a presséao de fatangmisae/ou antropicos podem
estar afetando a composicdo de espécies e abuaddacictiofauna da zona de
arrebentacao das praias em estudo;
2) ldentificar as variaveis que influenciam nasiagdes interanuais da

assembleia de peixes da zona de arrebentacao.

2.MATERIAL E METODOS
2.1. Area de estudo

A area de estudo compreendeu um trecho de aproamemte 24 km de cada
lado dos molhes do Estuario da Lagoa dos Patos)(Eépresentados pelas praias do
Cassino e do Mar Grosso, localizadas na porcadcsRio Grande do Sul (RS) (Figura
1). A regidao é fortemente influenciada pela acdooddas e as praias possuem
sedimentos variando de muito fino a médio (Siegl@adliari 2008), com ambos os
trechos estudados, classificados como praias dissag (Pereira et al. 2010). Com
relacdo a morfologia, a por¢cdo submersa apreseiitgpios bancos arenosos paralelos
a linha de praia (Pereira et al. 2011), o que pdgaia quebra das ondas com diferentes
alturas e energia, na medida em que a ondulagdestmca em direcdo a costa.

O principal fator regulador da hidrodinamica nai&egcosteira e na zona de
arrebentacdo do RS é o vento. O vento tem forteéinfia no transporte de areia na
regido costeira (das dunas para a parte submemandade arrebentacao e vice-versa),
influencia na ascenséo e abaixamento do nivel doenknha de praia, e na formacgéo e
intensidade das ondas que quebram na zona de rdaede, além de influenciar no
transporte de sedimentos muito finos para a zonarddentacdo. Como exemplo, 0s

ventos predominantes de nordeste (NE) direcionataraa do ELP para a direcao sul
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(Cassino) e em consequéncia disto, sedimentos rimi® sdo transportados para o sul
e depositados na zona de arrebentacédo externarma tfle lama fluida (Calliari et al.
2000). Durante fortes tempestades (p. ex. passatenirentes frias) e elevada
incidéncia de ventos do quadrante sul (principatmendoeste), esta lama fluida pode
ser retrabalhada e transportada para a zona deeata€do, atenuando a energia de
onda (Calliari et al. 2007). Embora na praia do MEapsso nao haja registros de
deposito de lama na zona de arrebentacédo, sedsnam@sos ocorrem em ambos 0S

lados dos molhes (Calliari et al. 2000).

2.2. Amostragem

O banco de dados analisado neste trabalho provéamdstragens bioldgicas
realizadas durante trés periodos distintos. O geriocompreendeu amostragens
pretéritas (Maio-2001 a Maio-2002), em dois porsitisados na praia do Cassino (P2-
P3) e no Mar Grosso (P4-P5), enquanto que no petlqdulho-2009 a Junho-2010) e
[l (Julho-2010 a Junho-2011), as amostragens famatizadas nos mesmos pontos
previamente amostrados no passado, porém foramomaiws mais dois pontos
extremos, um em cada praia (P1 no Cassino e P6and@kbsso) (Figura 1). Em todos
os periodos, as saidas de campo ocorreram mensalmarde eram realizadas
amostragens bioldgicas (coleta de peixes) e rege&r dados abidticos (variaveis
ambientais) explicitados em cada um dos anexos.cAda um dos estudos, a
metodologia de coleta esta descrita de forma cdmmereflete o objetivo de cada
estudo, no entanto, uma descri¢cdo geral dos maatagados, é feita a seguir.

Para a coleta dos peixes foram utilizados tréegetis de pesca distintos, onde

a rede “picaré” foi utilizada em todos os estudmsiede “cerco” foi utilizada nos
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estudos Il e Ill, e a rede de espera foi utilizegimente no estudo Il. As redes de arrasto
de praia sdo amostradores ativos (vdo ao encoagr@eixes), enquanto que a rede de
espera € um amostrador passivo (fica parada asegper o peixe a encontre e seja
capturado). A seguir ha uma descricdo dos petreddpgsca utilizados.

Rede “picaré” (denominada de BS-9p&ach seine € uma rede de arrasto de
praia com 9 m de comprimento por 1,5 m de altureoefeccionada com malha
multifilamento de 13 mm nas asas (3 m cada) e 5nmpano central (3 m). A rede era
operada por duas pessoas e cada arrasto era éggendicular a linha de praia, em
profundidade inferior a 1,5 m.

Rede “cerco” (denominada de BS-30meach seine € uma rede de arrasto de
praia, porém com 30 m de comprimento por 1,8 mlieaa confeccionada em nylon
monofilamento com malha uniforme de 12 mm entrepistos. No entanto, ao longo
de toda a porcéo inferior da rede (entre o panwipal e a tralha inferior) costurou-se
uma barra de 30 cm de altura com malha 12 mm rtauitiénto, cuja finalidade era dar
mais resisténcia a rede e evitar que a capturawaceos (principalmente siris do
géneroCallinecte$ danificasse as malhas da rede e interferissgp@agao de arrasto,
causando um vicio no resultado final. A rede eraragia por duas pessoas e cada
arrasto era feito na forma de um semicirculo (Qeeco profundidade inferior a 1,5 m.
Uma pessoa ficava com um caldo em profundidade &r— 1,0 m, enquanto que a
outra pessoa entrava mar adentro com o outro @al8oltava a rede aos poucos,
fazendo um semicirculo e arrastando até a praia.

Rede “feiticeira” (denominada de TN-25tmammel net é uma rede de espera
toda confeccionada com nylon monofilamento e conrm2&e comprimento por 2,5 m

de altura e possui trés panos (painéis), sendanelpzentral com malha 35 mm e os
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dois painéis externos com malha 150 mm, entrenostop. Em cada um dos pontos de
coleta era usado um conjunto de trés redes, quen @@ocadas em posicao
perpendicular a linha de praia (operando contr@reeste) e com uma distancia de
aproximadamente 100 m entre si. Cada rede eraafixadzona de arrebentacdo por
meio de um sistema de cabos e estacas (caldesgdesawna areia, onde uma das
extremidades era presa por um cabo a uma estackafna beira da praia, enquanto que
a outra extremidade era fixada em outra estacadetro, em profundidade de até 2,0
m, dependendo da variagcdo de mar. Como € um amosiassivo, que conta com a
probabilidade do peixe encontrar a rede e ficadoeO tempo de permanéncia da rede
operando era de até 6 horas.

Todos os peixes capturados com as redes de aerastocolocados em sacos
plasticos contendo formalina 10%, enquanto queedsep capturados com a rede de
espera eram colocados em caixas térmicas contesddoNp Laboratorio de Ictiologia
(IO/FURG) todos os exemplares capturados eram ifaeios ao menor nivel
taxondmico possivel com o auxilio de guias de ifleatdo, medidos (comprimento
total em mm) e pesados (Q).

As variaveis ambientais utilizadas nas analiseanfoobtidas simultaneamente
as amostragens bioldgicas e detalhadas em caadh esiivariaveis registradas foram:
temperatura da agua em superficie com um termor(Re&)p transparéncia obtida com
disco de Secchi (m); salinidade em superficie cefratbmetro; velocidade do vento
(medida com um anemometro digital portéatil Instemth AD-250); direcdo do vento
(registrada com o auxilio de um GPS Gargilinex); numero de linhas de arrebentacao

(medida de forma visual e com uma escala de Oiah@d); altura da onda antes de
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quebrar (medida de forma visual) e a direcdo deente litoranea (medida de forma

visual).

2.3. Anélise de dados

A andlise de dados empregada neste estudo seglighasigerais, o objetivo
de cada estudo, sendo descritas as principaissesa&impregadas na obtencdo dos
resultados.

Inicialmente, para todos os estudos, procurou-stificar as espécies
frequentes e abundantes, por meio da sua impaataetativa (Garcia et al. 2001,
Artioli et al. 2009, MoritAlverne et al. 2012). Esta abordagem permite ifleati o
comportamento das espécies no ambiente, com refagimrréncia e a abundancia.
Neste caso, a importancia das espécies dominanitealdulada com base na média das
frequéncias numérica (N%) e de ocorréncia (FO%xtdéorma, as espécies foram
classificadas em: frequente e abundante (quand® W®% de cada espécie estiveram
acima da média), ndo frequente e abundante (quapelas N% de cada espécie esteve
acima da média), frequente e pouco abundante (quapehas FO% de cada espécie
esteve acima da média), presente (quando N% e F@i%&ram abaixo da média) e
ausente (quando a espécie nédo foi capturada). Qoetd& do Anexo Il, os dados de
abundancia e CPUE foram transformados [bd+1)], para atingir 0s pressupostos
das andlises propostas.

A similaridade na composicao de espécies (quee gmtias — Anexo |; quer
entre amostradores — Anexo Il) foi avaliada comebas razdo presenca/auséncia das
espécies, por meio do coeficiente de Jaccajjl ((agurran 2004) e por meio da

abundancia relativa usando-se o Percentual de &idatle Minima (%Min) (Krebs
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1999). Curvas acumuladas de espécies por amosara fmnstruidas para determinar a
eficiéncia do esforco amostral em registrar a dqude espécies da assembleia de
peixes da zona de arrebentacdo (Anexo ), e pgpeessar a rigueza de espécies
coletadas pelos diferentes amostradores (AnexXtgland et al. 2003).

A captura por unidade de esforco por classe de Gomapto (CPUE-CC;
Vieira 2006) foi calculada para se obter a variag@d@bundancia média por classe de
comprimento, sendo obtida pela razédo entre a sanfatdr de ponderacéo FP (FP =
N/n, onde N € o numero de individuos capturados nas@men@n o numero de
individuos medidos) e o esforco, i.&HP(CC)/esforco]. Esta abordagem foi utilizada
nos Anexos Il e lll.

Um conjunto de Analises Multivariadas foi usado ca@mfinalidade de
reconhecer fontes de variacdo nos dados (variaeeidgntificar tendéncias. De um
modo geral, o objetivo de cada analise multivaristilezada, € descrito abaixo.

Andlise de Correspondéncia Canénica (CCA): no Aderousado umntriplot
para avaliar a influéncia das varidveis ambiensaisre a assembleia de peixes. No
Anexo IV foi usada para identificar uma estrutucaghs espécies em relacdo aos
periodos estudados, e avaliar a influéncia dasaweis ambientais nesta estrutura
(triplot). Nestas analises foram incluidas apenas as espéeguentes e abundantes, e
somente as variaveis ambientais significativas, fguem avaliadas usando o teste de

permutacdo de Monte Carlo (n = 9.999; p < 0,05p{lesSmilauer, 2003).

Andlise de Variancia com Permutacdo (PERMANOVpara o PRIMER)
(Anderson et al. 2008): andlise usada no Anex@ia pestar os efeitos dos diferentes
fatores (pontos de coleta, praias e estacdes dosabce a composi¢cédo da assembleia.

Usou-se a distancia de Bray-Curtis como medidaedethanca e os valores Bdéoram
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calculados usando 9.999 permutacdes. Conforme AmagR001), este método analisa
a variancia de dados multivariados explicada por wgomjunto de variaveis
explanatorias (categoricas ou numéricas) e € ysaidocriar uma distribuicdo F e obter
um valor deP.

Andlise de Coordenadas Principais (ACP; PCO enéf)gé um meétodo de
ordenacdo que analisa a dispersdao multivariadadadss, inferindo uma medida de
variabilidade. A grande vantagem da ACP é de psedebaseada em qualquer métrica
de semelhanca (Anderson et al. 2008). Esta an@lisgplicada no Anexo Il, usando
Jaccard como métrica de semelhanca. Além da A@Rputse a Analise de Disperséo
Multivariada (PERMDISP) para testar os desvios diagncias dentro do grupo, dos
seus respectivos centroides. As diferencas entgeup®s eram identificadas com o uso
de um testepost-ho¢ calculado com a finalidade de identificar onddaesm
representadas as diferencas. Assim como na PERMANOMstes de significancia
usando o teste de Monte Carlo foram calculados lwase em 9.999 permutacdes e um
valor deP e um pseudd- estatistico foi gerado.

Modelos Lineares Generalizados (MLG) foram utilaadio Anexo lll, para
modelar o conjunto de dados (variaveis bidticadivteas) permitindo que relacbes
ecologicas sejam modeladas de forma precisa (A@ér2). Antes da modelagem, o
conjunto de variaveis preditoras foi analisado alenf exploratéria, para identificar
colinearidade entre as variaveis independente, gise a colinearidade pode reduzir a
precisdo da variavel em estimar coeficientes esgyraficancia (Beger e Possingham
2008). Quando colinearidade entre variaveis era&ctida, a variavel com maior
importancia ecolégica era mantida na analise, eriqugue a outra variavel (ou

variaveis) era retirada da analise.
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As analises foram conduzidas no software R (R [gweent Core Team
2005), em trés etapas. Primeiro, modelou-se acq&wi@a rigueza de espécies entre
cada praia, em resposta a um conjunto de varifvetitoras (descritores). Para isto,
usou-se a distribuicdo de Poisson dogncomo a funcédo de ligacdo (em ingli@gy link
function (Hastie e Tibshirani 1990). Contrario ao modelan®a, o modelo Poisson
permite que valores iguais a zero sejam usadordise (Ye et al. 2005). Em segundo,
modelou-se a probabilidade de presenca das duéasiesmglominantes no ambiente (a
tainhaMugil liza e o pampolrachinotus marginatys usando o modelo de regressao
logistica, comlogit como funcéo de ligacdo (em inglésgit link functior) (Hosmer e
Lemeshow 1989). Regressbes logisticas represenianobabilidade de ocorréncia da
variavel de interessdé?, como funcdo de uma combinacdo linear de preditdrer
altimo, modelou-se a abundancia das duas espéammantes, usando-se um modelo
de distribuicdo Gamma somente para valores posi{s&m zeros) (Franca et al. 2011).

Os MLG foram executados conforme o procedimentoselecdostepwise
(passo a passo), com um cortepde 0,05 para determinar as variaveis significativas
que ficariam retidas no modelo. Adicionalmente mandodropl do software R foi
usado para comparar 0 modelo completo, com o madaie parcimonioso, onde as
variaveis nao significativas foram retiraddsopped. Esta comparacéao foi feita usando
o teste Chi-quadrado. Desta forma, assim que &dsanéfa executada, o comando
retirava cada variavel explanatoria, calculandoapeada vez, a diferenca entre as
“deviancias” e comparava as diferencas usando ustrébdicdo Chi-quadrado (Zuur et
al. 2007). Quando varios descritores sdo usadogsltameamente, o método seleciona
somente os significativos. N&ao foi identificada Besdispersdo” nos dados para o

modelo de Poisson. Todos os modelos finais forarstagjlos somente com as variaveis
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significativas e a porcentagem da “deviancia” tetgblicada e a relativa contribuicdo

de cada fator foi avaliada para cada modelo indigr@emente.

3. SINTESE DOS RESULTADOS

Embora exista um efeito de sombra dos molhes salpmia do Cassino, o
qual se dilui na media que se afasta dos molhes, foé observada diferenca
significativa na estrutura na assembleia de peextie as praias do Cassino e do Mar
Grosso. No entanto, um forte efeito sazonal local ilentificado, influenciando
diretamente na abundéancia e na diversidade dogge€we habitam ambas as praias
(ANEXO 1). Foi observada uma variabilidade naturat valores médios das variaveis
ambientais durante o periodo de estudo, no entastes valores ndo foram
significativamente diferentes entre os potos detaole uma mesma praia e entre as
praias do Cassino e do Mar Grosso. Com apenasgreareé (9 m) foi observada uma
alta similaridade entre as praias (18 espécies emum; $ = 62,1%), porém a
diversidade foi baixa, com alta dominancia de pswspécies (ver Tabela 1, Anexo I).
A praia do Cassino registrou mais espécies (S xl@%)ue a praia do Mar Grosso (S =
22), sendo que diferenca significativa na riqueea edpécies entre as praias foi
observada somente na primavera e no verao. Duasiesf rachinotus marginatus
Mugil liza) foram responsaveis por mais de 60% das captoreangas as praias, com
M. liza sendo significativamente mais abundarmie=(0,0001) na praia do Cassino,
enquanto que pafb marginatusao foi registrada diferenca significativa na énaa
entre as praiag(= 0,08).Trachinotus marginatusnostrou um claro padrdo sazonal,

aumentando sua abundancia durante o verdo, enqgaetd. liza ndo mostrou um
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padrédo definido, sendo capturada em maior abunadmicicipalmente nos meses mais
frios (ver Figura 4, Anexo I).

O experimento de comparacao entre amostradores deedrrasto de praia de
9 m — BS-9 m e rede de arrasto de praia de 30 ®-3Bm) ndo mostrou diferencas na
composicdo de espécies entre as duas redes de¢o adespraia, porém ambos
amostradores apresentam deferente composicdo dadescespera (TN-25 m). No
entanto, o principal resultado deste experimentddientificar que as trés redes sao
complementares em relacdo aos tamanhos capturadesao(ll). As redes de arrasto de
praia sdo similares entre sij (§70,3%) com relacdo as espécies capturadas, roqua
que a similaridade entre as duas redes de arrastorala e a rede de espera foi
considerada baixa (Sj < 45,0 % para as duas cogEsh Este resultado € corroborado
pela analise de ordenacao (ver Figura 3, Anexayli¢ evidencia uma clara separacao
(p < 0,001) entre as duas redes de arrasto de praiaede de espera, e pela ndo
diferenca p = 0,09) em composicéo entre as duas redes de¢cadagpraia. Embora a
adicdo de dois novos amostradores tenha resultadoaura total de 41 espécies
capturadas, a composicdo de espécies nao varida emirelacdo ao Anexo I, com as
espécies dominantes permanecendo as mesmas (compheda 1 dos Anexo | e 1l).
Cada amostrador capturou grupos distintos de tamsamorém com sobreposicdo em
algumas classes (ver Figura 5, Anexo Il). No gexrahaioria dos individuos capturados
pela rede BS-9 m apresentou tamara@® mm CT (78,6%), enquanto que a rede BS-
30 m capturou a maioria dos individuos com tamarhb®20 mm CT (73,0%). A rede
de espera capturou a maior amplitude de tamanhadsora tenha capturado o menor

namero de individuos em comparacao com as redasaito de praia.
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A utilizacdo de modelos lineares generalizados pierndentificar as variaveis
significativas e consideradas importantes desestata riqueza de espécies, e da
probabilidade de ocorréncia e da abundanciaViddiza e T. marginatus as duas
espécies dominantes na area de estudo (AnexdaCbhforme mostrou o experimento
de comparacao entre amostradores, as duas redesad® de praia sdo consideradas
complementares, e capturam praticamente as mespasies, no entanto, BS-30 m
capturou mais espécies ocasionais (ver Tabela éxafl). Com relacdo a riqueza de
espécies nao foi observada diferenca significatvdre as praias (conforme ja
observado no Anexo 1), e sete variaveis explaregdioram consideradas preditores
significativos, com o modelo explicando 25,0% davi@ecia total, sendo 16,2%
explicado pela sazonalidade (ver Tabela 3 e Figyranexo lll). Duas espécies
dominaram a area de estudit, liza e T. marginatuse devido a sua importancia foram
escolhidas para serem modeladas em separado (omare2abundancia). O modelo de
ocorréncia paraVl. liza explicou 25,1% da deviancia total (20,4% explicgukdo
amostrador), enquanto que o modelo de abundanple@x 32,8%, com 21,2% sendo
explicado pela combinacéo de amostrador e prarali@eela 4 e Figura 4, Anexo lll).
O modelo de ocorréncia pafa marginatusexplicou 22,7% da deviancia total (18,6%
explicado pela estacdo do ano), enquanto a sadadalfoi o principal fator do modelo
que explicou a variabilidade (22,3%), com a espéemdo mais abundante durante o
verdo (ver Tabela 4 e Figura 5, Anexo lll). Comagélo aos tamanhos, as redes foram
um fator significativo na modelagem da abundaneaep. liza, sendo esta espécie
capturada principalmente pela rede BS-9 m e comanos entre 20 e 30 mm CT.Ta
marginatusndao mostrou diferenca significativa nas capturdseeredes, no entanto, a

rede BS-9 m capturou mais individuos com tamarh66 mm CT e a rede BS-30 m
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capturou mais individuos com tamanhos > que 60 mim Tal fato evidencia a
complementaridade entre ambas as redes.

Por fim, analisando-se os dois bancos de dadodagkia (passado x presente),
observa-se que houve uma elevacédo na temperataia et agua durante o verao, e
uma gueda significativa na abundéancia total, aboridémédia de algumas espécies e
diversidade, no presente em relacdo ao passadempetatura da agua, a vazao e as
componentes meridional e zonal do vento em superfiram importantes para
explicar, em parte, as tendéncias encontradas (AR&X Ao longo dos trés periodos
analisados nove espécies foram dominantes, e Fadi@®s de queda na abundancia
média de algumas espécies foram registrados (\@d 8 e Figura 2, Anexo IV). Com
base na analise entre periodos, foi possivel firtique quatro espéciebi(liza, T.
marginatus, Menticirrhus americanwesM. littoralis) apresentaram queda significativa
na abundancia média no presente, em relacdo aadpagser Tabela 3 e Figura 3,
Anexo 1V). Os resultados obtidos neste estudogdadiaa importancia econémica destas
espécies para a regido, nos permitem levantaréaelsp de que um possivel aumento no
esforco de pesca pode ser o principal fator quéicaxp queda na abundancia destas

espécies.

4. CONCLUSOES

Anexo |

A abundancia e a diversidade da assembleia despguee habita as praias do
Cassino (Rio Grande) e do Mar Grosso (Sao Joséote)\hao sdo influenciadas pela
presenca dos longos molhes que separam as duas pranosas. Isto ocorre, mesmo

com as praias apresentando padrdes diferenciadexmEsicdo as ondas (Cassino
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abrigado e Mar Grosso exposto) e hidrodinamicax(p.jeredominancia da pluma
estuarina na praia do Cassino). Além do mais, amlapraias apresentaram baixa
diversidade, com uma composicdo de espécies simitarambas as praias, sendo
formada principalmente por individuos juvenis, damanhos 60 mm CT.

Marcado padréo sazonal foi identificado, onde pamewbservar uma baixa
abundancia e diversidade durante os meses mass(fneerno e outono), e uma alta

abundancia e diversidade durante os meses maiteguyenmavera e verao).

Anexo |l

A principal fonte de diferencas encontrada entretr& amostradores
comparados, esteve relacionada a variacao de tamanapturados. A rede de arrasto de
praia com o maior tamanho (BS-30m) capturou maisviduos e mais espécies, no
entanto, ndo houve diferenca em termos de compmosigd espécies dominantes, em
relacdo a rede de arrasto de praia de menor tamé@B8em). Para efeito de
amostragens cientificas, a BS-9m € consideradamasteador mais eficaz do que a
BS-30m, visto que ela fornece boas informacbes@ama composicdo de espécies do
ambiente onde ela é usada, além de ser extremaiaeiltde ser operada em relacao
aos demais amostradores usados.

A adicdo de um novo amostrador (TN-25m) ao conjut@oamostradores
utilizados na zona de arrebentacdo, trouxe umanvaégdo complementar a cerca da
estrutura de tamanhos e fornece uma visdo maisletarg respeito da assembleia de

peixes da zona de arrebentacdo de ambas as praias.

Anexo Il
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A utilizacdo de modelos lineares generalizados pierndentificar as variaveis
significativas e consideradas importantes desestgrara a riqueza de espécies, e a
ocorréncia e abundancia das duas espécies donsnmant®na de arrebentacsb,liza
e T. marginatusA sazonalidade é a principal variavel que expdicariacdo na riqgueza
de espécies, mas tipo de amostrador, salinidaalesgaréncia, direcdo do vento e da
corrente litoranea e numero de linhas de arreb@ategntribuem significativamente e
com baixo poder de explicacao.

Duas espécies dominaram o ambienteliza e T. marginatusA ocorréncia de
M. liza esteve principalmente relacionada ao amostradadougBS-9 m) e a sua
abundancia esteve principalmente relacionada a pi@iCassino. O amostrador usado
foi um fator significativo para a abundéancia B liza, e a espécie foi capturada
principalmente com a rede BS-9 m e com tamanhas 0te 30 mm CT. No entanto,
outras variaveis também foram significativas no etodp. ex. local, estacdo do ano,
direcdo do vento), porém apresentaram baixo podeexgplicacdo. A ocorréncia e
abundancia d&@. marginatusesteve diretamente relacionada a estacdo do aréojyve
sendo que o tipo de rede usada néo foi um fatarfisigtivo, no entanto, a rede menor
(BS-9 m) capturou principalmente individuos com daahos< 60 mm CT e a rede
maior (BS-30 m) capturou mais individuos com tanear#a que 60 mm CT.

Anexo IV

A analise do banco de dados usado neste estudgadmasiunho-2001 a Maio-
2002 x presente, Julho-2009 a Junho-2011) podgsibiidentificar um aumento na
temperatura média da agua em superficie, princgraten durante os verdes. Este
resultado é corroborado por dados obtidos junt®@AA que indicam, para o Atlantico

sul, um aumento na temperatura média da agua earfisig durante os verdes. No
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entanto, qualquer inferéncia a respeito de mudamfiasaticas é extremamente
precipitada, devido a curta série temporal anadis@ddéem da temperatura da agua, a
vazao do estuario e a componente zonal (lestejoesteeridional (norte-sul) do vento
foram variaveis significativas no modelo, porém cbaixo poder de explicacao,
evidenciando o forte efeito sazonal existente geicesul do Brasil.

Observou-se um queda na abundancia total ao loag@eériodos, com uma
significativa diferenca entre o presente em relag@o passadoMugil liza, T.
marginatus M. americanuse M. littoralis registraram uma significativa tendéncia de
queda na abundancia média no presente em relacgassado. Além de estarem
diretamente relacionadas com a zona de arrebentagésuindo um importante papel
ecologico, estas espécies também possuem umairfgutetancia econémica para a
regido. Sendo assim, devem ser tomadas medidasomigercacdo e exploracao

sustentavel destas espécies.
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ABSTRACT
In this work, we evaluated the influence of longksojetties (~ 5 km) on fish abundance
and diversity between sheltered and exposed ma&andy beaches. We also described
and compared the fish community structure and iiyated the relationships between
environmental variables and fish assemblages. Wiste collected monthly with a
beach seine net from May 2001 to May 2002 at thesi@a and Mar Grosso beaches.
Twenty-nine taxa were caught and the fish asseraldhgwed similar composition
between beaches;562.1%; %Min = 52.3%), with 18 species in commblost of the
fish were juveniles, mainly young-of-the-year vgittes< 60 mm TL. Eight species
(Trachinotus marginatuMugil liza, Brevoortia pectinataMenticirrhus littoralis
Menticirrhus americany#therinella brasiliensisOdontesthes argentinensisd
Oncopterus darwiniijvere the most abundamigcounting for 95.6% of the total catch.
At both beaches, only. marginatusM. liza andM. littoralis were frequent and
abundant, but with some differences in their relatbundance. The CCA results
showed that temperature had the highest correlatith fish abundance. Seasonal
changes in fish assemblage structure were evidetit,greater species diversity and
abundance in the spring and summer. The overallltegndicate that the presence of
jetties had no effect on fish assemblages of adjssandy beaches. Moreover,
differences between beaches were related to soewgespabundance and not to

differences in the number and composition of sgdustween beaches.

Keywords: fish nurseries, wave exposure, man-made structheash seine net,

multivariate analysis, fish assemblage
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INTRODUCTION

Shallow marine waters constitute crucial environtador a diversity of fish
species (Valesiret al, 2004). Although the surf zones of sandy beaahesonsidered
habitats of low complexity and high dynamics, salauthors have also found them to
be important recruitment and nursery zones (Ayva&idlydes, 1995; Harrist al,
2001; Strydom, 2003), as well as migratory pathstier nearshore habitats (Monteiro-
Netoet al, 2003; McLachlan & Brown, 2006; Nanami & Endo0Z0Inoueet al,
2008). Other possible reasons for fish to use tinezeones are the abundant supply of
potential prey and shelter from predators (Beystl, 2002; Silveet al, 2004; Satet
al., 2008). These reasons suggest that the surf zdsasdy beaches play an important
role as coastal habitats, mainly those located estaiaries (Beckt al, 2001; Bellet
al., 2001; Beclet al 2003; Ableet al, 2011; Moraest al, 2012).

The littoral zone in the southernmost state in Biazharacterized by a 620 km
long, straight coastline with a NE-SW orientatiangd is located between 29°-34° S
latitude. This sandy beaches are completely expmse@ve action, have a microtidal
regime and semidiurnal tides with a mean range®fiO(Figueiredet al., 2007;
Pereiraet al, 2010). This coastline is interrupted by fiveuasies (Vieira & Rangel,
1988; Ramos & Vieira, 2001) and is wave-dominatét wsignificant wave heights of
1.5 m H (Calliari & Klein, 1993). A major feature in thiegion is a ~ 5 km-long rocky
jetties, connecting the Patos Lagoon (PL) estuatty thhe Atlantic Ocean. Sandy
beaches adjacent to each side of these jettiesditi@eent hydrological dynamic. The
east side has beaches that are exposed to predaminas from NE (Tomazelli, 1993)

and predominant waves from E-SE (Calliari & Kle1993), whereas sandy beaches
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located on the west side are more sheltered fravagimg winds and waves, creating a
shadow zone with less intensity of wind, waves lamgshore currents from E-NE.

The structure and dynamic of the fish assemblaga the surf zone of the west
jetty (Cassino Beach, hereafter CB) is relativegtlwnown, being composed mainly
by juveniles of approximately 37 species (with nileeninant species) with sizes
ranging from 15 to 150 mm total length (e.g. Morgeietoet al, 2003; Lima &

Vieira, 2009). Since the jetties may influencefibb fauna inhabiting the sandy
beaches near the PL estuary (Lima & Vieira, 2088Y there is no information on the
fish assemblage of the east jetty sandy beach @vi@sso Beach, hereafter MGB), it is
necessary to investigate if fish assemblages itingkthe surf zone of these two sandy
beaches, with different degrees of wave exposinaiésedvs. exposed) and separated
by a long rocky jetties, have differences in teohfish abundance and diversity
patterns.

In this paper, we evaluated the null hypothesisttiere are no significant
differences in fish abundance and diversity betwsdeitered (CB) and exposed (MGB)
marine sandy beaches. We also described and cotniheréish community structure
on sandy beaches adjacent to the PL jetties amtifigléne relationships between

environmental variables and fish assemblages atsde of the jetties.

MATERIALS AND METHODS
Study area and field sampling

The coastline of the southernmost in Brazil is abtarised by extensive wave-
dominated, straight sandy beaches, with sedimanting from very fine to medium

sand (Siegle & Calliari, 2008). The sandy beacless the mouth of PL estuary are
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classified as dissipative (Pereetal, 2010) and are associated with one or two
longshore sandbars (Calliari & Klein, 1993). Thétgyan of coastal water circulation
along this coastline undergoes strong seasonakinées. During the winter, south-
westerly (SW) winds force the Rio de La Plata wateith low salinities and
temperatures to lower latituddsZ8° S); while in the summer, dominant north-e&gter
(NE) winds bring tropical waters with high saliesi and temperaturesiB2° S
(Moller et al, 2008). The predominant pattern in the NE winidsatis the plume of the
PL estuary in a southern direction. Fine sedimprasided by this plume are
transported to the south and deposited offshofleli@smud. Stormy conditions, such as
cold front passages, can rework and transportitie hud from the inshore to the surf
zone and offshore of CB, attenuating the wave gngeglliari et al.2007). MGB is
different from CB because there is no record dafiflmud deposits on the former, which
is located northward of the jetties.

Samplings were performed from two beaches, CB emist and MGB on the
east side of the jetties, with two fixed sampliitgsat each beach (Figure E)sh were
collected monthly from May 2001 to May 2002 frone sarly morning until noon. A
beach seine net (9 m long; 1.5 m high) with a 13 str@tch mesh in the wings and a 5
mm stretch mesh in the centre 3 m section wasgpiependicular to the beach at
depths less than 1.5 m, covering an area of appaiely 120 rfiper haul. At each
sampling site, three hauls were performed, alwagsdang the previously swept areas.
Surface water temperature (°C), salinity and trarepucy (Secchi depth) were recorded
before sampling. Fish were preserved in 10% fomreatid later identified and counted.
The total length (TL) of each fish was measureth&éonearest 1 mm, and the total wet

weight (g) of each species in each sample wasdedor
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Data analysis

Fish were considered abundant when the numerieptge (N%) was greater
than or equal to 108/ whereSis the total number of species captured on eaabhoe
Fish were considered frequent when the percentaiyequency of occurrence (FO%)
was greater than or equalX86FO/S on each beach. Based on this classification, fish
species were grouped into the following categofresjuent and abundant (%FO
2.%FOKS, %N > 1005), frequent but not abundant (%BPQ_%FO/S, %N < 10085), not
frequent but abundant (%FQOX26FOKS, %N > 1005), present (%FO £%FO/S, %N
< 1005 and absent (no fish captured) (Garcia & Viei@)D).

Similarity of fish composition between beaches Wwased on the ratio of the
presence/absence of species calculated by therdamdtficient (§ (Magurran, 2004)
and on Percent Similarity (%Min) (Krebs, 1999). Tdeersity was evaluated using
Fisher'sa because its value is relatively easy to calcdtateommunities that contain a
comparatively large number of species that are(Megurran, 2004). Fisherts was

N(1-x)

calculated aso = , Wherea is the diversity index from a logarithmic seribi,

is the total number of individuals in the sampld &ims a parameter of a logarithmic
series. The large-sample variance of the divemsdgxa was calculated as: Vam)

__069314~a > . For each beach, we constructed species accuonlatirves to

)

determine the efficiency of the sampling efforessessing the species richness of fish

assemblage.
Environmental variables and fish abundance datafen) were transformed

[Logio (X + 1)] to meet assumptions of normality and heosalasticity for statistical
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tests (Analysis of Variance (ANOVASs), PermutatioAalalysis of Variance
(PERMANOVA) and Canonical Correspondence AnalySi€A)). One-way ANOVA
was performed to test differences in environmevaahbles among sites and
differences in abundance for the three frequentadmohdant species, between beaches.
Two-way ANOVA was employed to test differencesatat fish abundance between
beaches (two levels) and seasons (five levelsyidtrsly, the 13 months were grouped
in seasons as follows: autumn 1 = May and JundgwinJuly to September; spring =
October to December; summer = January to Marchinani2 = April and May.
Permutational analysis of variance (PERMANOVA+RRIMER; Andersoret al,

2008) was used to test the effects of differentoiasc(sites, beaches and season) on the
fish assemblage composition. A PERMANOVA analysaswlone using Bray—Curtis
distance as a resemblance measureParalues were calculated using 9,999
permutations. This method analyzes the varianceutfivariate data explained by a set
of explanatory variables (categorical or numeria) & used to create a distribution of F
and obtain & values (Anderson, 2001).

Canonical Correspondence Analysis (CCA) was apptieshvironmental
variables, species abundance and beaches (tiiplagsess environmental influence on
fish assemblages. Only environmental variableswieaé significant were included in
the analysis. Only species with occurrences > 1%& \weluded in the CCA to reduce
the importance of rare species. The significaniabdes were assessed using a Monte

Carlo permutation test (n = 9,999; p < 0.05) (L&Smilauer, 2003).
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RESULTS
Environmental variables

The mean values of seawater surface temperatumotidiffer among the four
sampling sites, but showed seasonal fluctuatiotis avclear annual cycle (Figure 2a).
No significant differences were observed among siaggites at CB (ANOVA, F =
0.09; p =0.76) or at MGB (ANOVA, F = 0.24; p = 8)6however, MGB presented
higher temperatures compared with CB. For both lbessahe highest temperature
values were recorded from November to April anditiweest values from May to
October (Figure 2a).

Salinity showed no seasonal pattern, ranging frorto130 (Figure 2b). No
significant differences occurred between samplitessat the same beach (CB:
ANOVA, F =0.07, p = 0.79 and MGB: ANOVA, F =0.32~ 0.58). The lowest
salinity values were registered in July and Nover#¥®1 (MGB) and in September
2001 (CB). The highest salinities were found ati€Blovember 2001 and at MGB in
May 2002.

Water transparency values were low, ranging fraim D m, with sampling sites
at CB showing the highest water transparency vdligsire 2c). No significant
differences were observed among sampling sitestatlieaches (CB: ANOVA, F =
1.13, p = 0.30 and MGB: ANOVA, F =0.94, p = 0.3@he highest transparency values
were registered in November and May 2002 for samggites at CB.

Because no differences were found with regardecetivironmental variables
measured at the two sampling sites at each ofstbdéaches, we grouped sampling
sites from the same beach to compare fish abundantdiversity between beaches

(CBvs MGB).
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Spatial and seasonal variations in fish assemblagé&ucture

A total of 20,331 fish from 29 taxa, representidgfdmilies, were caught in 260
beach-seine hauls during the study period. Onlpé€itiae (n = 12) had a group of
individuals not identified at the species level.stlfish were juveniles, mainly young-
of-the-year with sizes 60 mm TL (95.6%). However, individuals of a widage of
sizes (12 to 410 mm TL) were collected (Table 1ghEspecies were abundant and
comprised 95.6% of the total catch. They were thélata pompan®rachinotus
marginatus the striped mulleMugil liza, the Argentine menhaddrevoortia
pectinata the Gulf kingfishMenticirrhus littoralis the Southern kingfisNenticirrhus
americanusthe Brazilian silverside&therinella brasiliensigsndOdontesthes
argentinensisand the Remo flound€ncopterus darwinii

Although the highest captures were registered atroBsignificant difference
for total abundance was found between CB and MGBOXA, F = 2.28, p = 0.13).
Nevertheless, there was a seasonal differencesiovérall number of individuals for
both beaches (ANOVA, F = 4.14, p = 0.003), and wéeasons were analyzed
separately, differences between the beaches wenel fanly in the second autumn 2
(Figure 3). The PERMANOVA results performed on toenplete fish abundance data
set showed a significant effect of season and tivere no significant interactions
between beaches, seasons and sites between b€eables?). These results are in
accordance with one-way ANOVA performed with enaimeental variables between
sites and corroborate the previous choice of graypites of the same beach, and
analyze CBss.MGB.

Despite of no differences in overall fish abundabetveen CB and MGB, the

analysis showed th&. pectinataandA. brasiliensisvere frequent and abundant only at
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CB, wherea$l. americanusO. darwiniiandO. argentinensisvere frequent and
abundant only at MGB, showing a spatial differemcthe structure of fish assemblage
(Table 1).Trachinotus marginatydM. lizaandM. littoralis were frequent and abundant
at both beaches. The white mulMtigil curemawas considered frequent/not-abundant
at both beaches, whereas the remaining speciesraamed seasonally or
occasionally.

Mugil liza represented 43.5% of the total catch at CB ant%a&t MGB, with
significant differences between beaches (ANOVA, F042, p = 0.001)rachinotus
marginatusshowed an inverse pattern of abundance, with highlees at MGB
(47.9%) and lower values at CB (18.8%) but no sigamt differences between beaches
(ANOVA, F =3.17, p = 0.08Menticirrhus littoralisshowed clear differences in
overall abundance (ANOVA, F = 39.17, p < 0.01) aspresented 70.4% of the total
catch at CB and 29.6% at MGB, confirming the spadalifference in the structure of the
ichthyofauna. For these three species, it seemshibanean size of. margiatusand
M. littoralis were larger at MGB than at CB, whereas the meandiM. lizawere the
same for both beaches (see Table 1).

Seasonal differences in relative abundance ofttemtdominant species were
also found for each beach (Figure Menticirrhus littoralisshowed the lowest relative
abundance in the coldest months (May to Novembeif), an increase in relative
abundance during warm months (December to Mardu(€ 4a).Trachinotus
marginatusdisplayed the same seasonal pattern (Figure 4Y) hgoralis, whereadVl.
liza did not show a clear seasonal pattern of disivbuduring the study period and was

caught all year-round (Figure 4c). FurthermdseJiza, which relative abundance was
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higher at CB (N = 4726) than MGB (N = 1716), prdasdmpeak of abundance occurring
in July, November, February and May.

The species composition between beaches revealeani®on species among
29 taxa captured (%Min = 52.3% and=%$2.1%). The number of species at CB (S =
25) was higher than at MGB (S = 22), and there avasasonal and spatial trend in
diversity estimated by Fisherts (Figure 5). Differences in diversity between both
beaches were observed only during spring and sunmirherspecies accumulation curve
did not stabilise towards asymptotic values foneitoeach (Figure 6), indicating that
more species may be found with an increase ins@shpling effort.

The CCA revealed that the most significant envirental variables related to
fish abundance were water temperature and transpar8pecies-environmental
correlations from CCA were higher for the first§8) and second (0.72) axes.
Environmental variables explain 30.0% of the fishradance, and the axis 1 explains
60.0% of the explained variability (Figure 7). Sigscsuch a$. marginatusM.
littoralis, M. americanusM. curemaMugil cf. hospesB. pectinataandO.
argentinensiseems to be more associated with the warmer séasdhe left),
whereadMl. lizaandO. darwinii were associated with the colder season (on thé) rig
Atherinella brasiliensisvas associated with higher transparency watease@imainly

with to the colder season (autumn and winter) amdpding sites at CB.

DISCUSSION
This work analyzed the influence of long rockyiggt(~ 5 km) in the surf zone
fish assemblage structure of two sandy beachedliffiat in terms of wave exposure

and dynamics: Cassino Beach (CB) more sheltered/amdsrosso Beach (MGB) more
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exposed. The structure and dynamics of the fishneonity from CB is relatively well
known (e.g., Monteiro-Netet al, 2003; Lima & Vieira, 2009), but there is no
information on MGB, and we expected differencesveen both fish assemblages in
terms of fish abundance and diversity. Our residtmonstrated that there is no
difference in total fish abundance and diversitina®n more sheltered and more
exposed sandy beaches. Both beaches presenteddavégity of fish species, with a
very similar fish composition, consisting mainlysrhall-sized juveniles (95.6%60
mm TL), and only eight species were numerically a@nt. This pattern seems to be
similar with several other surf zones around thédvfRobertson & Lenanton, 1984;
Gibsonet al, 1993; Sudat al, 2002; Inoueet al, 2008; Selleslagh & Amara, 2008). In
fact, surf zones are considered nursery area,trauges, and feeding grounds for
several species (Lasiak, 1986; Santos & Nash, 199#mnan, 2000; McLachlan &
Brown, 2006; Nakanet al, 2011), and dominated mainly by small-sized juleni
fishes (Nanami & Endo, 2007; Lima & Vieira, 2009pht’Alverneet al, 2012).

Three specieslfachinotus marginatysMugil liza andMenticirrhus littorali
were frequent and abundant at both beaches, buihgtinct abundance patterns
between beache$rachinotus marginatuandM. littoralis showed higher abundance
during early spring/summer, bMt liza show no seasonal pattern in peak abundance.
Juveniles off. marginatusandM. littoralis are typically found at the surf zones of
southern Brazil (Rodrigues & Vieira, 2010; Lemedsal, 2011), whereas the juveniles
of M. lizause the surf zones during their recruitment frommdcean towards shallow
areas (Vieira, 1991) and probably as a transiepitdta before recruitment into PL

estuary (Monteiro-Netet al, 2003).
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Man-made structures like rocky jetties could aftbet water circulation
(Roberts, 1997), modify surf zone conditions (Maet al, 2005) and enhanced
connectivity between different environments (Cegial, 2011). In spite of that,
species composition and densities of fish asserablagsandy beaches adjacent to the
PL jetties seems to be not affected by this manens&icture. However, there are some
effects on the relative abundance of some spetiesca side of the jetties, which could
be related with differences on physical conditidfa. instance, the presence of the PL
plume, intensified by the PL jetties, favours a enestuarine condition at CB than at
MGB (Mdller et al,, 2009), which allows a greater concentrationsbfi@rine-dependent
species at this beach (Lima & Vieira, 2009). Thiigagion is intensified during El Nifio
Southern Oscillatio(ENSO) episodes, when estuarine fishes are freqiehe coastal
marine sites adjacent to the PL estuary (Gatal, 2001; Garciat al, 2012). Even in
non-ENSO years the flooding of the PL occurs altéerent levels of precipitation
(Vieira et al, 2008), which could also explain the high catabie&. brasiliensisandB.
pectinataat CB in the present study. In contrast, MGB igemexposed to wave energy
and less influenced by the PL plume than CB (ded€dk & Calliari, 2006; Pereirat
al., 2010), which apparently favours those fishes@aged with more exposed sandy
beaches, like members of Carangidae and Sciaefadakes (Vasconcellost al,

2007).

The wave exposure (wave energy) is considered pariant environmental
variable influencing surf zone fish assemblagesthatk is strong evidence in the
literature of an inverse relationship between wastion, coastal currents and species
abundance (Romer, 1990; Clark, 1997; Fétial, 2007; Vasconcellost al, 2007; Inui

et al, 2010). On MGB, four of the six dominant sped¢iEsmarginatusM. littoralis,
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Menticirrhus americanuandOncopterus darwinjiare directly associated with
moderate to high wave energy sandy beaches (Lind&e#a, 2009; Rodrigues &
Vieira, 2010). Although wave energy was not measunehis study, we believe that
high catches of abovementioned species, at MGBbean indicator of wave energy
conditions.

The surf zone fish community structure in southi@razil seems to be spatially
homogenous along the 620 lstnaight coastline (Ramos & Vieira, 2001). Thug, th
jetties that connect the PL estuary with the Ataftcean are one of the few obstacles
that could create distinct environmental conditialmg this littoral zone. On the east
side of the jetties, MGB is more influenced by giedominant NE wind and wave
patterns, whereas on the west side, CB experidasssr wave action, and it is more
influenced by the plume of the PL estuary, whichses through spaces among the
granite rock boulders used to built the jettieseSentwo contrasted conditions may
occur at both sides according to wind conditionsn@d.& Vieira 2009; Mont’Alverneet
al., 2012) resulting in no overall differences in feksemblage structure in both sides of
the jetties. In fact, some recent studies haveestgd that surf zone fish assemblage is
not particularly affected by the presence of jettie breakwaters (Cenet al, 2011;
Mikami et al.2012).

We found a pattern of lower fish abundance assedmith colder months
(winter and autumn) and higher abundance in wamaetths (spring and summer),
with no differences between beaches. The only diaewas autumn2 when the large
abundance dff. liza, Atheriella brasiliensisandBrevoortia pectinatat CB remained
similar with the previous winter, but the abundalexe!| at MGB dropped significantly.

Like in others subtropical zones, our results stimat seasonality plays a role in
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structuring the fish assemblage near PL jettiedeR®s of species abundance are
predominantly cyclical, as observed by Lima & V&{2009), and temperature
appeared to be the primary factor regulating sgealeindance after breeding season,
which occurs in early spring to summer (Youwet@l, 1997; Beyset al, 2001; Wilber
et al, 2003; Amara, 2003; Moraes al. 2012).

In summary, our results suggests that (1) fish danoe and diversity are not
influenced by long rocky jetties, although the temaches differ in terms of wave
exposure and dynamic, and (2) fish assemblageipgessr(mainly abundance and
diversity) showed marked seasonal pattern. Futudies, including additional
environmental variables (e.g., wave energy, windstal current) and the use of other
complementary sampling gears (e.g., larger bedok sets, trammel nets, gill nets) are
needed in order to advance the current knowledgbestructure and dynamic of fish

assemblage at sandy beaches in southern Brazil.
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TABLES
Table 1. Total species composition of fishes caught at betiiches (number of
individuals, percentage of abundance, weight anel rsinges) and at each individual
beach between May 2001 and May 2002. TL = totajtlenSD = standard deviation, n

= number of individuals.

(Footnote) * indicates total number of individualas more than 1%.

Table 2. PERMANOVA results for fish abundance considering tthole species data

set.

(Footnote) d.f., degrees of freedom; SS, sum o&isgg) MS, mean squares; Pseudo-F,
Pseudo-f ratioP (perm), permutatio® value; Bold value denote significant difference

atp < 0.0001.
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FIGURES
Fig. 1. Location of the study areas with the four sanplsites: 1 and 2 at Cassino

Beach (CB) and 3 and 4 at Mar Grosso Beach (MGB®) @GRande do Sul state, Brazil.

Fig. 2. Temporal fluctuations in environmental variablesdeen May 2001 and May
2002: (a) surface water temperature, (b) salinity @) transparency of each of the

sampling sites. Legend: 1-2 = Cassino Beach ane: 844r Grosso Beach.

Fig. 3. Spatio-temporal variation in total abundance betweeaches.

Fig. 4. Mean abundance of three dominant species in lesbhes, between May 2001
and May 2002. (aylenticirrhus littoralis (b) Trachinotus marginatuand (c)Mugil
liza.

Fig. 5. Seasonal Fishers index of diversity with standard deviation for bdteaches.

Fig. 6. Species accumulation curves for Cassino and Mas$erbeaches.

Fig. 7. CCA ordination diagram of two environmental vales(represented by
vectors), 10 species (represented by symiy@nd two beaches £ Cassino Beach and
1= Mar Grosso Beach). Legend: Temp. = Temperatudelaansp. = Transparency;
Species codeA. bra= Atherinella brasiliensisB. pec= Brevoortia pectinataM. ame

= Menticirrhus americanysM. lit = Menticirrhus littoralis M. cur = Mugil curema M.

liz = Mugil liza, M. hos=Mugil cf. hospesO. arg = Odontesthes argentinens@. dar

= Oncopterus darwiniandT. mar= Trachinotus marginatus
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Table 1.
Total o . Weidht Cassino Beach Mar Grosso Beach
Species N(L)Jl"?lber ("/eo)rcen (g)elg (n) % - Size (TL mm) (n) % - Size (TL mm)
Min-Max Mean SD Min-Max Mean SD

Trachinotus marginatus Cuvier, 1832 * 6577 32.35 7,414.6 18.78 18-112 37.0 15.3 4537 47.92 15-129 40.8 23.8
Mugil liza Valenciennes, 1836 * 6442 31.69 1,899.2 43.51 20-290 275 9.0 18.12 20-128 26.9 45
Brevoortia pectinata (Jenyns, 1842) * 1613 7.93 731.9 11.92 20-132 32.3 8.9 318 3.36 21-55 31.8 5.7
Menticirrhus littoralis (Holbrook, 1847) * 1599 7.86 1,543.1 10.36 22-105 42.2 10.3 474 5.01 13-145 45.1 195
Menticirrhus americanus (Linnaeus, 1758) * 1208 5.94 207.7 393 3.62 14-49 32.3 6.1 815 8.61 12-44 22.5 4.6
Oncopterus darwinii Steindachner, 1874 * 898 4.42 707.1 93 0.86 15-87 39.3 16.7 8.50 18-95 38.1 12.5
Atherinella brasiliensis (Quoy & Gaimard, 1825) * 652 3.21 802.7 5.27 25-123 55.6 12.1 0.83 36-102 58.7 14.0
Odontesthes argentinensis (Valenciennes,1835) * 532 2.62 1,406.2 66 0.61 20-175 107.5 49.8 4.92 22-290 46.2 24.9
Mugil cf. hospes * 312 1.53 196.6 245 2.26 24-108 37.7 111 0.71 25-58 33.9 54
Mugil curema Valenciennes, 1836 * 256 1.26 355.6 190 1.75 23-118 43.8 195 0.70 21-127 345 21.7
Anchoa marinii Hildebrand, 1943 94 0.46 8.6 4 0.04 27-30 29.0 141 0.95 20-33 26.8 2.8
Harengula clupeola (Cuvier, 1829) 64 0.31 38.2 63 0.58 25-57 37.4 9.4 1 0.01 56 56.0 -
Stellifer rastrifer (Jordan, 1889) 20 0.10 5.4 7 0.06 19-39 28.3 7.7 13 0.14 17-31 24.2 34
Platanichthys platana (Regan, 1917) 15 0.07 13.9 14 0.13 25-72 47.2 15.3 1 0.01 37 37.0 -
Clupeidae not identified 12 0.06 0.8 6 0.06 20-27 23.8 2.7 6 0.06 19-23 21.2 15
Lycengraulis grossidens (Spix & Agassiz, 1829) 9 0.04 14.9 5 0.05 24-125 59.2 42.1 4 0.04 29-36 31.2 3.2
Micropogonias furnieri (Desmarest,1823) 8 0.04 148.6 4 0.04 37-121 60.2 40.6 4 0.04 21-202 120.7 75.1
Trachurus lathami Nichols, 1920 4 0.02 9.6 4 0.04 67-78 725 4.5 0 - - - -
Jenynsia multidentata (Jenyns,1842) 3 0.01 0.9 3 0.03 28-31 29.6 15 0 - - - -
Pomatomus saltatrix (Linnaeus, 1766) 3 0.01 27.0 1 0.01 90 90.0 - 2 0.02 95-123 109.0 19.8
Trichiurus lepturus Linnaeus, 1758 2 0.01 63.2 2 0.02 43-410 226.5 259.5 0 - - - -
Parapimelodus nigribarbis (Boulenger, 1889) 1 <0.01 0.2 1 0.01 34 34.0 - 0 - - - -
Trachinotus goodei Jordan & Evermann, 1896 1 <0.01 0.7 1 0.01 41 41.0 - 0 - - - -
Stellifer brasiliensis (Schultz, 1945) 1 <0.01 0.4 1 0.01 33 33.0 - 0 - - - -
Paralichthys orbignyanus (Valenciennes, 1839) 1 <0.01 64.1 1 0.01 188 188.0 - 0 - - - -
Ramnogaster arcuata (Jenyns, 1842) 1 <0.01 0.2 0 - - - - 1 0.01 30 30.0 30.0
Hippocampus reidi Ginsburg, 1933 1 <0.01 1.0 0 - - - - 1 0.01 50 50.0 -
Selene vomer (Linnaeus, 1758) 1 <0.01 23.2 0 - - - - 1 0.01 120 120.0 120.0
Ctenogobius shufeldti (Jordan & Eigenmann, 1887) 1 <0.01 0.1 0 - - - - 1 0.01 18 18.0 -



Total n°. of Individuals

20331

15,685.7

10863

9468
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I Frequent/Abundant
Frequent/Not-Abundant

Present
- Absent
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Table 2.

Source of variation d.f. SS MS Pseudo-FP (perm) Unique
perms

Beach 1 2863.6 2863.6  1.8548 0.0828 9934

Season 4 30817 7704.2 49901 0.0001 9916

Site (Beach) 2 15629 7814 0.5061 0.9184 9931

Beach x Season 4 8482.2 2120.6 1.3735 0.1136 9895

Site (Beach) x Season 8 5207.1  650.9 0.4216 0.993874

Residual 32 49405 1543.9

Total 51 98574
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ANEXO I

The effects of different sampling gears on the ssent of surf zone fish assemblages:

Community structure and size distribution.

Rodrigues, Fabio Lameiro; Vieira, Jodo Paes

(Submetido ao periodideisheries Researgh
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ABSTRACT

This work simultaneously compared three distinpesyof sampling gears (two
beach seines of different sizes and one set oii@lmets) to assess the species
composition, richness and size structure of azome fish assemblage. Furthermore,
we tested the hypothesis that the sampling geantdveatch fish of a similar fauna but
with a different size distribution. For each tygesampling gear, we assessed the
relative importance of the fish species and the digtribution of the catch. A Principal
Coordinates Analysis (PCO) and Permutational AnslgEMultivariate Dispersions
(PERMDISP) were performed to provide a measuréeariability between the
sampling gears, and cumulative species curveslasdclusing a Bootstrap method
were used to express the species richness. Aadiofdl species were caught, and the
number of species varied among the nets, withatgelbeach seine catching more
species (S = 35) than the small beach seine (§ ar@Dthe trammel net (S = 20). PCO
clearly separated the sampling gears, and PERMBI®®ed significant differences
between the trammel net and the beach seihes)(001), but not between the beach
seines P = 0.09). The fish size also varied between thegyedth the small beach
seine catching 78.6% of fish < 60 mm TL and thgddreach seine catching 68.4% of
fish between 60 and 120 mm TL. The trammel net showed a bimodal sig&ildution,
with peak abundance at 150 mm TL. In conclusioa,citches of both beach seines
were similar in species composition and complenrgntarelation to the size
distribution. The trammel net was not considerg@d sampling gear for use in the

surf zone, but it may be used as a complementaytgecatch larger fish.



Keywords Shallow habitats, net comparison, beach seiamrtrel net, species

composition, multivariate analysis
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1. Introduction

Coastal environments are regarded as highly imposiges for fish. The surf zone
of sandy beaches is an environment characterizégish conditions and composed of
different fish species, with low fish diversity aachigh dominance of a few species
(Beck et al., 2003; McLachlan and Brown, 2006)gémeral, small fish{60 mm total
length) are caught with different sampling gearg.(d-€élix et al., 2007; Nanami and
Endo, 2007; Gaelzer and Zalmon, 2008), and anylgsionis about the structure of the
fish assemblage that inhabit the surf zone aresinilihg. Using a large beach seine net
(with larger mesh size), Lima and Vieira (2009)aepd catches of fish with sizes
above 60 mm, increasing the range of sizes caughtree knowledge about the
structure of the fish community of a dissipativadabeach in southern Brazil.

When conducting fish assemblage surveys, the clodittee sampling method
depends on the particular objective of a projéet,dase of handling, cost and
familiarity with a specific method (Carter and Re2001; Bonar and Hubert, 2002).
Many studies use a range of sampling gears to geaatcurate measurements relative
to the occurrence, abundance and fish size disimibof a particular community in
coastal marine habitats (Queirolo et al., 2009;a8att al., 2009). Based on these
assumptions, the choice of the survey design anddampling gear must provide
adequate spatial and temporal resolution to erfedtesamples to reveal habitat-related
ecological processes (Pepin and Shears, 1997).

The beach seine net is the most common and eféetstipe of fishing gear to sample
shallow marine areas (King, 2007). Nevertheledsratypes of sampling gear, such as
gill nets (with several mesh sizes) and trammed (&tosta and Appeldoorn, 1995;

Moth-Poulsen, 2003; Stergiou et al., 2006, Hickfandl Schiel, 2008), have been used
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to collect fish in shallow waters worldwide. Botlpés of gear may be size- and
species-selective (Hamley, 1975). However, the tmahmet may be more effective
than the gill net because two different mesh siwesncorporated into the trammel net
(i.e., one large and one small), making it posdibleatch fish in pockets (Lloyd and
Mounsey, 1998). In general, beach seining catamedler fishes (Monteiro-Neto et al.,
2003; Lima and Vieira 2009) whereas trammel netd te be selective for larger sizes
(Fabi et al., 2002; Erzini et al., 2006). In themse, it would be interesting to compare
the fish composition of these three types of fighyear to better understand the
structure of the fish assemblage in the surf zdrikssipative sandy beaches.

Trammel nets are used along the entire southerzilBracoast by artisanal
fisheries to catch fish within or just beyond thefzone (Klippel et al., 2005). The surf
zone fish assemblages in this area were studiextiltasbeach seine samples collected
over a long period (Monteiro-neto et al., 2003; aiand Vieira, 2009; MofAlverne et
al., 2012; Rodrigues and Vieira, 2012). Howevegsthstudies are scattered in time and
space, and the use of information from the fislsetrammel nets can significantly
enhance our understanding of surf zone fish ecolégyadvance this knowledge, it is
necessary to evaluate the performance of thesereiiff nets.

In this study, we test the hypothesis that thréferdint types of sampling gears (two
beach seines of different sizes and a set of trdmats), provide similar fish-fauna
composition and richness, but different size stmgs of the fish associations in the surf

zones of sandy beaches.

2. Materials and methods

2.1. Study area
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The sampling was conducted at six sampling sitaisvilere evenly distributed at

two beaches (Cassino and Mar Grosso) located dhengouthern Brazilian coast. The
beaches are located adjacent to the south and ofdtie Patos Lagoon jetties (Fig. 1).
The most distant sampling sites on each side wayeaimately 24 km apart from each
jetty. Both beaches have similar morphodynamic Wienaare dissipative (Pereira et
al., 2010) and the sediment size in the limit bewbeachface and swash is
characterized as very fine sand (Siegle and Cial#@08). Although similar to Cassino,
the Mar Grosso beach is likely to receive more wavergy from the east/southeast and
is more exposed to northeast winds (Calliari aneirkl1993; Tomazelli, 1993). Despite
this difference, previous comparative studies @fish fauna revealed no ecological

differences between the Cassino and Mar GrossdhbsdRodrigues and Vieira, 2012).

2.2. Field sampling

The sampling was conducted monthly from July 2@0%une 2010 using two
different sets of beach seines and a set of thaeentel nets. All fish caught were
euthanized, stored in plastic bags and transportede to the laboratory. Subsequently,
each individual was identified at the species legelinted and measured (total length

with 1 mm precision; mm TL).

2.2.1. Beach seine design

The beach seine 9 m (BS-9 m) is a straight baglessf 9 m length x 1.5 m height
made of a 12-mm stretch mesh in the wings and anSstretch mesh in the 3 m center
section. The beach seine 30 m (BS-30 m) is al$amt bagless net measuring 30 m

long x 1.8 m height made of a 12-mm nylon unifotretshed mesh. Between the body
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of the net and the lead line, a 30-cm strip (mactufad with multifilament line) was
sewn to give strength to the net. These sampliagsgeere used at all six sampling
sites. At each site, a beach seine haul was réptideve times (5 hauls per beach

seine/per site/per month), with a total of 720 sl@sE360 for each beach seine).

2.2.2. Trammel net design

Each trammel net (TN-25 m) consists of three naefsattached together to the
float and the lead lines (Lloyd and Mounsey, 1998 two external panels are made
of a larger mesh size, and between them lies desiogsely sewn smaller mesh panel.
When a fish swims through the outer large meshlpaiig@ushes against the small
mesh panel forming a pocket, trapping the fish betwthe net panels.

For this experiment, we used a set of three tranmetsl, each one separated by
approximately 100 m, and we used each net at am@ysampling sites (S1 and S6; Fig.
1). Each net was 25 m long x 2.5 m high. All pawedse made of monofilament nylon,
the outer panels had a mesh size of 150-mm stittolesh, and the internal panel had a
35-mm stretched mesh. The TN-25 m operates in giggoperpendicular to the beach
from 1 to 2 m deep. Each net was fixed to two ‘th.8on stakes”, one spiked at
approximately 1.5 m deep and the other near thelswane. The nets were set early in

the morning (approximately 08:00 h) and retrieviechsurs later.

2.3. Data Analysis
To assess the relative importance of the fish sgezaught with each type of

sampling gear, the frequency of occurrence (FO%)the numeric percent abundance

(%N) were compared to their respective meaX$0%; X %N). A species was
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considered abundant when %NLO0S (S = the total number of species captured in
each sampling gear), and it was considered frequieah FO%> > %FOSin each
sampling gear. Based on this classification, tleeigs were grouped into the following
categories: frequent and abundant (%F2%FOLS, %N > 1005), frequent but not
abundant (%FQ >2%FOLS, %N < 1008), not frequent but abundant (%FQ_%FOSS,
%N > 1005), present (%FO £%FOS, %N < 1005 and absent (no fish captured).
Abundant and frequent species were consideredragdat (Garcia and Vieira, 2001).

The size structure was analyzed for each sampéag gsing 30-mm total length
classes (TL). Fishes that were dominant in at lastfishing gears simultaneously
were selected to analyze the contribution by sliassc The percentage of catch per unit
effort based on the size class (CPUE-SC) of eaebiesp (Garcia and Vieira, 2001;
Vieira, 2006) was used to compare the size clagslglitions between the types of
sampling gears tested.

Multivariate dispersion analyses of the speciesgmee/absence data (only with
first 16 species on Table 1) were performed udiegRtrincipal Coordinates Analysis
(PCO) ordination method and Permutational Analg$islultivariate Dispersions
(PERMDISP) to provide a measure of the variabiégween the sampling gears. PCO
and PERMDISP were performed on a resemblance maging the Jaccard distances
(Anderson et al., 2008). PERMDISP is a distancethasst for the homogeneity of
multivariate dispersions based on any resemblareasune. PERMDISP results were
reported as the average within-group distance tdexmof each group from the
respective centroids. If differences between grawpse found, a post-hoc pair-wise test

was calculated with the finality to identify wheteese differences were represented.
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Permutation tests for significance using the Mdéelo test were also performed with
9,999 permutations, generatiRgvalues of the pseude-statistic.

The cumulative curve of species per sample, pdoyetionth was used to express
the richness of species collected by each sampkag (Ugland et al., 2003). To assess
the randomness or non-randomness associated whirieaness value, non-parametric
confidence intervals were calculated using the Bagisnethod (based on 9,999
resamplings) (Tirasin and Jgrgensen, 1999).

With the aim to compare the fish species compasitetween the different
sampling gears, a faunal similarity analysis wasgoeed based on the species
presence/absence relationship, using the Jaccaffictent () (Magurran, 2004) and

the Percent Similarity (%Min) based on the relaspecies abundance (Krebs, 1999).

3. Results

A total of 23,892 individuals and 41 species wexeght. The beach seines sampled
more individuals (BS-9 m, n = 11,008; BS-30 m, 12661) and species (S = 28 and
35, respectively) compared to the trammel nets Z6Nm, n = 223 and S = 20; Table 1).
The six dominant species in BS-9 m w&rachinotus marginatysugil liza,
Odontesthes argentinensiBrevoortia pectinataMugil curemaandLycengraulis
grossidensand they accounted for 92.4% of the total cat¢ith the BS-30 m, the six
dominant species (89.7% of the total catch) WemmarginatusO. argentinensisB.
pectinata Menticirrhus littoralis Menticirrhus americanuandOncopterus darwinii
Two speciesT. marginatusandM. liza) were dominant in the TN-25 m, and they

accounted for 50.7% of the total cat@hachinotus carolinugndStephanolepis
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hispidusmade up another 22.9% of the catch, but they welgabundant and not
frequent.

Based on the cumulative curves of the species ¢duygmonth, it was possible to
compare the number of species caught using eaelofygampling gear (Fig. 2a) and
the estimated number of species collected usiegampling method (Fig. 2b). For the
beach seines, the estimated cumulative curvedigabafter 10 months of sampling,
and there is no significant difference in termspécies richness, whereas the TN-25 m
cumulative curve did not stabilize, indicating thi@is sampler may catch more species.

PCO analyses showed that the first two axes aceddat 54.4% of the total
variation in the data dispersion, evidencing arcéegaration between the sampling
gears (Fig. 3a). TN-25 m presented higher dateedisgn in comparison with the other
two sampling gears (Fig. 3a-b). In fact, the PERBIPknalysis showed significant
differencesf = 20.116,P = 0.0001) in the multivariate dispersion betwewsa t
sampling gears. A pair-wise test showed significhfiérences among the TN-25 m and
the other two sampling gears (BS-9 m and BS-3@®0.001), but not between the
BS-9 m and the BS-30 P& 0.09).

The overall faunal similarity between the BS-9 nd #me BS-30 m was high (S
70.3, %Min = 60.5). The Jaccard index betweenwlelteach seines ranged fron=S
53.1 in the summer tgf S 71.4 in the winter. Lower percent similaritieer& observed
in the winter (%Min = 37.1) and higher values ie gBummer (%Min = 67.0) (Fig. 4a).
The overall similarity between the BS-9 m and tie25 m ($ = 29.7, %Min = 44.1)
and between the BS-30 m and the TN-25 mn=(81.0, %Min = 27.0) were low. Both

indices showed low values throughout the year @gc).
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The fish size varied between the sampling gearsl€Th Fig. 5a). Each sampling
gear showed a tendency to capture fishes of distine groups, but with some size-
classes overlapping between gears. The BS-9 m shawkewed size distribution with
78.6% of the individuals 30 mm TL and 19.5% between 60 and 120 mm TL. The B
30 m showed a normal size distribution with 73.0%he fish< 120 mm TL. The TN-
25 m showed a bimodal size distribution, with akpglaundance at lengths smaller than
240 mm TL, overlapping with both beach seines. §émnd mode peak occurred at
lengths larger than 240 mm TL, and it only overkegvith the BS-30 m.

Four fish speciesl( marginatusM. liza, O. argentinensiandB. pectinata were
dominant in the catches of at least two sampliraygsimultaneously (Table 1; Fig. 5b-
d). With the BS-9 m (Fig. 5b), individuals < 30 nirh were represented mainly iby.
liza (50.6%), whereas individuals between 30 and 120Thrwere represented mainly
by T. marginatusandO. argentinensiswhich dominated the size-classes between 120
mm and< 210 mm TL. With the BS-30 m (Fig. 5c), individuagth size-classes < 60
mm TL were represented mainly By marginatusB. pectinataandM. liza. The 60 mm
TL individuals were represented By marginatug55.2%) and. pectinata16.4%),
and the 90 mm TL by. marginatug35.5%).0dontesthes argentinensiss caught
between 120 and 270 mm TL, and the size-clas$89) mm TL were composed
mainly of low numbers ofl. liza. For the TN-25 m (Fig. 5¢), the size-classes betwe
120 and 210 mm TL were composed mainlyf omarginatusandB. pectinataand
represented the first mode in the size distribufean = 170 mm TL). The size-
classes above 240 mm TL were composed by largeidudils ofM. liza, which

represented the second mode in the size distrib(gth@an = 340 mm TL).
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4. Discussion

A broad variety of sampling strategies and typefssbing gears have been
developed to scientifically collect and record pnesence and abundance of different
fish species in coastal marine habitats (Van Ma2&93; Rotherham et al., 2007,
Queirolo et al., 2009). Several authors (MonteietdNand Musick, 1994; Vieira et al.,
2006; King, 2007) have suggested that the beacdie $gthe most effective type of
fishing gear for sampling in shallow non-vegetadad zone areas. Furthermore, the
beach seine is easy to operate compared to othes tf sampling gears (Rozas and
Minello, 1997). The surf zone is a nursery for bfish and crustaceans, and sampling
gears that are able to catch small size fish, agdhe beach seine, are the most efficient
in this habitat (Gibson et al., 1993; Monteiro-Netal., 2003; Félix et al., 2007;
Vasconcellos et al., 2007). Large individuals asour in the surf zone area but are not
easily caught by beach seining (Lemos and Viei®d,12. However, these large size
specimens are often present in catches of gill teimmel nets, or both (Acosta and
Appeldoorn, 1995; Moth-Poulsen, 2003; Rotherhamd.e2006; Stergiou et al., 2006;
Hickford and Schiel, 2008).

Our study analyzed the use of three different tyddshing gears to sample the
surf zone fish assemblages of dissipative sandghasatesting the hypothesis that
these gears would catch similar fish-fauna but wifferent size structures. Both of the
beach seines used in this study have been usedtimesn Brazilian surf zones to assess
juvenile fish composition and abundance (Chao.efl8B2; Monteiro-Neto et al., 2003;
Lima and Vieira, 2009). According to our expectatipthe BS-9 m and the BS-30 m
did not differ from each other in terms of speaemposition. Nevertheless, the smaller

BS-9 m net, made of a fine mesh (5- and 12-mm)glaasmaller fish than the larger
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beach seine (BS-30 m; mesh = 12-mm). On the otnad,trammel nets have been
used to catch adult fishes in the southern Brazsiarf zone (Klippel et al., 2005), and
the TN-25 m differed significantly from both beas#ines in terms of the species
composition of the catch.

Different samplers are usually needed to fully elsterize the fish assemblage in a
given environment (Gibson et al., 1993), and someéiss have shown that different
nets consistently underestimate the abundanceiantabs of fish (Pierce et al., 1990;
Allen et al., 1992) due to their size selectiviurthermore, large fish are more capable
of out-swimming beach seine nets and are more wsaiepled compared with smaller
fish (Jacobsen and Kushlan, 1987). Another sourbéas may be related to the patchy
distribution of schooling small fishes (e.B.,pectinataM. liza), which may be present
in great abundance in a single haul but then mapomur even as a single individual in
the next several hauls (Guest et al., 2003).

The three sampling gears used in this study cekkeattotal of 41 species, which is
similar to the species list composed by other stidonducted in this area (Chao et al.,
1982; Monteiro-Neto et al., 2003; Lima and Viei2@09). The number of species
expected based on the literature, using both beeickes, suggests that these sampling
gears are efficient for estimating the speciesneds of the surf zone. The addition of a
new sampler (TN-25 m) resulted in the collectioronly four new species compared to
the beach seines, and these species are usuaily ioaeeper areas (> 10 m), using
shallow waters for feeding and/or shelter. The plekrichness of TN-25 m (S = 20)
and the expected richness based on the literatigigeested that the TN-25 m was not a
good estimator of the species richness of the &leaertheless, it captured a wider

range of fish sizes not observed in beach seinglgam
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The high similarity (> 70%) between both beach egicontrasted with lower
similarity between each beach seines and the Thi28 50%). Although the BS-30 m
was larger than the BS-9 m, which would resultrinrecrease in the swept area, both
gears nets were pulled in the same location atttbatame range of depth 1.5 m).
The high similarities observed in the colder montiese the most likely related to the
low diversity and abundance during this period (kmo-neto et al., 2003; Rodrigues
and Vieira, 2012), thus increasing the probabditypoth beach seines collecting the
same or no species (i.e., the more likely recordonible-zeros during lower-abundance
periods favors the higher similarity). During wamseasons (spring and summer), the
similarity between the beach seines decreased, likelstbecause the BS-30 m
collected more species than the BS-9 m due taiitgel sizelndeed, longer nets may
provide a more representative picture of the f@mmunity than smaller nets,
especially with respect to the occurrence of laagéiye swimming fishes in the surf

zone Riha et al., 2008). Between both beach seines an@iNkh25 m, the similarity

indices were low, most likely due to differencesat operation. The use of the
different sampling gears with different samplingattgies can result in a different fish
community structure (Gray et al., 2005; MonteirctdNand Prestrelon press.

The most outstanding pattern of difference amowngethree different fishing gears
was related to the fish size distributions considgthat all three samplers were
complementary to each other. The BS-9 m showe@waesk size distribution pattern
composed mainly of individuats 60 mm TL. The BS-30 m showed a greater size
spread, between 60-120 mm TL, included larger acdwimming fishes, and provided
a more representative picture of the size distidoutvithin fish community of the

sampled surf zone. Nevertheless, the BS-30 m wiasfficent for catching the
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dominantM. liza with sizes< 30 mm TL. The TN-25 m caught fewer individuals and
species than the beach seines, but the catch wattymepresented by individuals > 120
mm TL. According to Scharf et al. (2009), the ufa single method to collect fish may
not be sufficient for drawing a complete picturelté population size structure. As the
fishes grow in the surf zone, they tend to swinteiaand avoid nets with smaller mesh
sizes, and they become more susceptible to capyunets with larger mesh sizes
(Allen et al., 1992).

Bimodal patterns are relatively common for trammetls (Erzini et al., 2006). The
TN-25 m showed a bimodal size distribution, witlegreak in 170 mm TL and the
other at 340 mm TL. For passive fishing gear, thmlper of fishes expected to be
captured is dependent on the probability of a nebenter, the net contact after the
encounter and the likeliness of being retained aftatact (Anderson, 1998), and the
differences in abundance between the catches éthé¢ach seines and the trammel
nets can be accounted for by these characterigtitchttionaly, the catches of the
trammel nets depend on the mesh size and the alestack of the inner net (Purbayanto
et al., 2000) because more slacking causes maaaglimg (instead of gill-catching) of
the fish (Moth-Poulsen, 2003). The capture efficieaf a trammel net depends on the
fish size, morphology and the behavior of eachisgd®eis and Pawson, 1999), but it
also varies according to the way that a fish igba@Fabi et al. 2002). In our study, the
TN-25 m caught mainly fishes with sizes above 150 L, represented mostly By,
carolinus T. marginatusandS. hispidusSuch species have a tall body and spines in the
dorsal and anal fins, thus making them more susiepb capture by

trammeling/pocketing, even at smaller sizes. Caelgr the 340 mm TL peak was
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represented mainly by adults Mt liza, and their swimming behavior increases the
catch probability in such nets, despite their sii@@ed body shape.

The choice of a sampling method to assess fishrddage is a critical point during
the planning of field sampling. The limitationsasampling method must be fully
considered. Beach seines are active samplers arefdke, they are used to pursue the
fish. Pierce et al. (1990) enumerated several @ttieantages of beach seines over other
types of fishing gears (e.g., trammel nets): @ gear is simple and easy to deploy, (ii)
sampling is rapid, and as a consequence, sevelaates can be performed in less
time, (iii) the beach seine enables an accurasas®ent of the temporal distribution
patterns and (iv) most species can be capturedlgdoat fish that live close to or in
the sediment (e.g., flatfish) may not be susceptiblcapture by a net. The major
sources of limitations for the use of the beacheseare: (i) physical obstructions (e.qg.,
rocks, tree branches and macrophytes), which iamagsue in sandy beach surf zones,
(i) the high probability of escape for fishes staathan the mesh of the net, which is
reduced in the case of the BS-9 m due to the uaébainm mesh in the center panel.
However, as mentioned before, larger fish tendmionsfaster and avoid the net (Allen
et al., 1992), resulting in their capture by theger beach seine.

Both beach seines used in this study were easyet@nd caught nearly all fish
species within the surf zone fish community. Thag therefore serve as
complementary samplers with respect to the sizelligion. The catch efficiency may
be influenced by fish behavior, physical conditiomsboth at the time of collection
(e.g., harsh sea conditions may roll the net up aself; Allen et al., 1992). Due to
operational difficulties (i.e., harsh conditionspsig winds and variations in the tide

amplitude caused mainly by storms) and laboriousllirag, the TN-25 m was not
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considered a good sampling net for use in thezamé, but it may be used as a

complementary net to catch larger fish.
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Table 1

Species caught using three different sampling geate shallow surf zones (1.5 m)

of two sandy beaches adjacent to Patos LagoonrggBiazil). The catches are

95

expressed as the number of individuals (No.), Ardize ranges are expressed as the

total length (mm). The species were classifiedddgtive importance: frequent and

abundant (black), frequent and not abundant (géy), not frequent and abundant

(dark grey), present (without color) and absent (-)

Beach seine 1 (BS-9m)

Beach seine 2 (BS-30m)

Trammel net (TN-25m)

Species

No. % Min-Max No. % Min-Max No. % Min-Max
Trachinotus marginatus 28.1 15-145 CX] 26.1 11-186 pasll 12.6 130-230
Mugil liza 21.6 11-117 160 1.3 24-610 8 38.1 235-570
Odontesthes argentinensis 180  16-236 365  37-327 6 2.7 205365
Brevoortia pectinata 13.4 19-165 1001 7.9 23-211 6 2.7 139-260
Mugil curema 5.7 24-87 44 0.3 35-261 - - -
Lycengraulis grossidens 5.5 25-147 118 0.9 56-240 - - -
Menticirrhus littoralis 362 3.3 18-120 966 7.6  45-281 8 3.6 278-400
Menticirrhus americanus 84 0.8 15-119 558 4.4 80-280 3 1.3 295-308
Oncopterus darwinii 83 0.8 14-194 907 7.2 31-186 - - -
Atherinella brasiliensis 182 1.7 21-123 28 0.2 64-156 - - -
Micropogonias furnieri 23 0.2 15-230 105 0.8 89-660 10 4.5 250-645
Pomatomus saltatrix 18 0.2  42-120 52 0.4  88-165 4 1.8 242-315
Genidens barbus 1 <01 86 98 0.8 77-148 - - -
Paralichthys orbignyanus - - - 42 0.3 136-434 7 3.1 190-660
Trachinotus carolinus 7 01 62-151 52 0.4 68-195 ZsN 11.2  150-213
Stephanolepis hispidus 4 <01 68-215 39 0.3 55-182 PN 11.7 80-270
Polydactylus virginicus 13 0.1 32-96 3 <01 104-172 - - -
Mugil cf. hospes 24 0.2 33-109 223 1.8 51-160 - - -
Oligoplites saliens 10 0.1 33-113 204 1.6 62-110 - - -
Syngnathus folletti 5 <0.1 84-126 1 <01 101 - - -
Anchoa marinii 4 <01 24-90 4 <01 89-94 . - .
Harengula clupeola 3 <01 8102 3 <01 72-98 - - -
Eucinostomus melanopterus 3 <01 15-18 3 <01 93152 - - -
Genidens planifrons 1 <01 138 5 <0.1 102-148 4 1.8 292-465
Platanichtys platana 1 <01 87 38 03 71-105 - - -
Pogonias cromis 1 <01 64 <0.1 210 - - -
Hyporamphus unifasciatus 1 <01 281 8 01 258305 - - -
Gobisox strumosus 1 <01 20 - - - - - -
Hypleurochilus fissicornis 1 <01 27 - - - - - -
Astroscopus sexspinosus - - - 2 <01 120-127 1 04 170
Trichiurus lepturus - - - 14 0.1 88-917 1 04 745
Sardinella janeiro - - - 36 0.3 164-220 1 04 172



Selene vomer

Caranx latus
Eucinostomus argenteus
Ramnogaster arcuata
Trachinotus goodei
Rhinobatos horkelli
Macrodon ancylodon
Umbrina canosai
Stellifer rastrifer

Number of species
Total

28
11008

I N NS RN

35
12661

0.1
<0.1

<0.1
<0.1
<0.1

48-103
89-120
90-158
57

159

P W NP

20
223

96

0.4

138

440
280-360
300-570

160
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Fig. 1. Study area and location of sampling sites in @as&$1-S3) and Mar Grosso
(S4-S6) beaches, southern Brazil.
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ABSTRACT
Surf zone fish assemblages were investigated iardacdevaluate their patterns of
variability at two sandy beaches (Cassino and Mas&b) in southern Brazil, using
Generalized Linear Models (GLM). Fish were collelcbeonthly from July 2009 to June
2011 and beach seine hauls were conducted witlhéaoh seine nets: i) 9 x 1.5 m
(multifilament 13 mm stretch mesh in the wings arelmm stretch mesh in the centre 3
m section) and ii) 30 x 1.8 m (12 mm stretch mdaaifent nylon with a 30 cm inferior
bar with a 12 mm multifilament stretch mesh). GLWsre used in two different
approaches: to assess and compare fish speciassgive used a Poisson model; and
to explain the occurrence and variability in aburgaof the two most abundant species
(Mugil liza andTrachinotus marginatysve used a Logistic and Gamma models,
respectively. A set of nine explanatory variablesach seine type, local of sampling,
season, water salinity and transparency, wind tiime@nd velocity, long-shore current
direction and number of surf break lines) were usemtder to explain the patterns of
target variables. At large scale seven variabletagxed 24.8% of variance of species
richness, but season (16.2%) and net type (3.0%® the most important. The
presence/absence M lizawas associated with net type (20.4%), whereas the
abundance was associated with net type (12.1%dted five explanatory variables.
The presence/absence and abundande mfarginatusvas associated mainly with
season (18.6% and 22.3%, respectively). Speciesass seemed to be strongly related
with season, although the choice of sampling geadwould play an important role.
Warmer months were richer in number of speciesth@darger beach seine net was

able to catch more species than the smaller one.
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1. Introduction

Sandy beaches and the adjacent surf zones re@élsentorld’s largest type
of open shoreline ecosystem (Defeo et al., 2008),aae probably the most utilized of
coastal environments for human activities; howeremny aspects of surf zone ecology
are poorly known. This environment is characteriae@ semi-enclosed system that
connects terrestrial environments with offshoreen{McLachlan and Brown, 2006).
Although the surf zone area should be considegdysically dynamic environment
(with little habitat complexity), it forms a prodiive ecosystem, serving important
functions and playing multiple roles for juvenilstf as nursery area, feeding ground,
and migratory pathway (Beyst et al. 1999; Beystlat2002; Hibino et al., 2006; Inoue
et al., 2008; Bergamino et al., 2011; Nakane 2Gil.1).

A set of physical conditions may influence the sggcomposition, distribution
and abundance of the surf zone fish assemblagesemaial studies have suggested that
seasonality, wave exposure, turbidity and wind tlaeemain factors that may alter the
structure of surf zone fish assemblages (Gibsah e1993; Clark, 1997; Vasconcellos
et al., 2011). Besides, we know that the studyudf zone fish assemblages is based on
extensive knowledge using several types of beade sets (e.g., Clark et al., 1996;
Layman, 2000; Suda et al., 2002; Wilber et al.,20asconcellos et al., 2007; Inoue et
al., 2008; Prestelo & Monteiro-Netim pres$ to obtain a description of the fish
assemblage structure (and relations with envirotaheariables), but seldom using
more than one sampling gear simultaneously. Theldd#ferent sampling gears to
assess surf zone fish assemblage may produceediffiersults, and to adequately

sample surf zone fishes and obtain accurate canaksiss essential to use different
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types of sampling gears, or at least, seine netsdifferent mesh sizes (McLachlan and
Brown, 2006).

All knowledge achieved studying the fish commumitysouthern Brazilian surf
zones (see Ramos and Vieira, 2001; Monteiro-Ne#b. €2003; Rodrigues and Vieira,
2012) used only one kind of sampling gear and feplamatory variables to explain the
pattern of fish assemblage distribution. Thereftoajate we still do not know if the
patterns reported are real or influenced by thepsammin fact, some studies used a
range of sampling gears to provide accurate meamunes of fish assemblage structure
(Queirolo et al., 2009; Scharf et al., 2009). Liamal Vieira (2009) using another kind
of sampler (a large beach seine) on southern Baazurf zones. These studies caught
fish at larger sizes than previously caught bystinelies using the beach seine, bringing
new information on the species composition and digiibution of fish.

Thus, the aims of this study were to evaluate #ieems of variability of fish
assemblages in two sandy beaches sampled withitigoett gears simultaneously,
using as proxies a set of explanatory variableghEtmore, we compared the size
structure and relative abundanceMaigil liza andTrachinotus marginatyshe most

abundant species in this system.

2. Materials and methods
2.1. Study area

The surf zone fish assemblage of two sandy beadbag the Rio Grande do
Sul coast, southern Brazil, were investigated: iDasand Mar Grosso (Fig. 1). Three
sampling sites at each beach were sampled monilig@nstitute a spatial replicate for

each beach (Rodrigues and Vieira 2012).
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The coastline in the southernmost Brazil is chargs®d by extensive wave-
dominated, straight sandy beaches, with sedimanting from very fine to medium
sand (Siegle and Calliari, 2008). The sandy beasbasthe mouth of Patos Lagoon
(PL) estuary are classified as dissipative (Pesii., 2010) and are associated with
one or two longshore sandbars (Calliari and KI&B93). The pattern of coastal water
circulation along this coastline undergoes strazasenal changes. During the winter,
south-westerly (SW) winds force the Rio de La Plasders with low salinities and
temperatures to lower latituddsZ8° S); while in the summer, dominant north-e&gter
(NE) winds bring tropical waters with high saliesi and temperaturesfB2° S
(Moller et al., 2008). The predominant patternia NE winds directs the plume of the
PL estuary in a southern direction. Fine sedimprasided by this plume are
transported to the south and deposited offshofleli@smud. Stormy conditions, such as
cold front passages, can rework and transportitie hud from the inshore to the surf
zone and offshore of Cassino, attenuating the \eaeegy (Calliari et ak007). There

are no records of fluid mud deposits at Mar Groksmgted northward of the jetties.

2.2. Sampling surveys and data acquisition

The fish assemblages at Cassino and Mar Grosshésaere sampled
monthly from July 2009 to June 2011. Fish wereeméd using two types of beach
seine netsBeach Seine 91fBS-9 m), called locallyPicaré’ (multifilament 9 m long x
1.5 m height; 13 mm stretch mesh in the wings aiadren stretch mesh in the centre 3
m section), an@each Seine 30BS-30 m), called locallyCercd (30 m long x 1.8 m
height; 12 mm monofilament nylon stretch mesh &80 cm inferior bar with a 12

mm multifilament stretch mesh). Each beach seing Wwas replicated five times per
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gear at each sampling site (10 hauls per sitely, avibtal of 60 hauls per month. This
design resulted in a total of 1420 samples, becaesdid not sample in site S6, in
January and November 2010 due adverse climaticitbmmsl All fish caught were
transported in ice to the laboratory. Subsequemttiryidual fish were identified,
counted and measured the total length (TL) withm pnecision.

Since the main goal was not to describe interarvarghtions in composition
and abundance of fish species in the surf zongnaé/zed the data set as a whole,
without distinguishing between sampling periodduly 2009 to June 2010) and Il (July
2010 to June 2011). However, we grouped the mantbseasons to get a better view
of the seasonal behavior of the fish assemblagesdghout the period. To do so, the
months were grouped in the austral seasons asvilleinter = July, August and
September; spring = October, November and Decersbermer = January, February
and March and autumn = May, April and June.

At each site, eight environmental variables weggstered at the beginning of
each haul: sea surface water temperature (°Ciityadit the surface; transparency
(Secchi disc reading); wind velocity was taken vathandheld digital anemometer;
wind direction was registered using a GPS Garmnnex; the number of break lines
(from “0’ - without waves and break lines to “6Wwith waves and six break lines);
wave height (l¥) and long shore current direction (without currertrth to south and
south to north). Wave height and number of bargweétained by visual observations.
These variables were used as candidate prediat@bles in GLM. All wind directions
were grouped in the four main directions (norttstesouth and west) to reduce

variables in the GLM. We also used the beach dgpe(BS-9 m and BS-30 m), local
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(Cassino and Mar Grosso beaches) and season ygahéwinter, spring, summer and

autumn) as predictor variables.

2.3. Data analyses

Before the analysis, the suite of candidate predicariables described above
was pair plotted in order to investigate collingabietween independent variables, as
they may reduce the precision in estimating theabée coefficients and their
significance (Beger and Possingham, 2008). If Anearity was detected between
variables, the variable known to have a more eccddbgmportance was maintained,
while the other variable (or variables) was eliniubfrom the analysis. With this
approach, we eliminated two variables (temperaresignificant wave height;H
and the models were fitted with nine uncorrelatestifgtor variables derived from a
suite of 11 initial candidate variables. The seaspattern of environmental variables
registered during the study period at both beadresgiven in Table 1.

To determine the relative importance of each sgeaied their dominance
pattern at each beach, we used the approach daganilicarcia and Vieira (2001) and
adjusted by Artioli et al. (2009) and Moalverne et al. (2012), based on the
combination of numerical percentage (N%) and fregyef occurrence (FO%) values.

Generalized linear model (GLM) were used to anathieedata set since this
method has a strong statistical foundation, allgvanological relationships to be
modeled realistically (Austin, 2002). The GldWvere conducted in R software (R
Development Core Team, 2005), in three steps.I¥imse investigated the variation of
fish species richness between each beach in respomasset of predictor variables. For

this, we used a Poisson distribution with a log fimnction (Hastie and Tibshirani,
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1990). Secondly, we estimated the probability espnce of the two most important
species at surf zone of both beaches, using a iogegression model with a logit link
function (Hosmer and Lemeshow, 1989). Logistic eegion represents the probability
of occurrenceP, as a function of a linear combination of habtagdictors, which can
include single variables as well as higher-ordeatjatic and interaction) terms. Lastly,
we estimated the abundance of the two most impiosggaties using a Gamma
distribution model, only for positive catches (Fgaret al., 2011). The Poisson model
allows zero values to be included in the analylsesthe dependent variable in this case
is the nearest integer to the encounter rate (\ak,62005).

A stepwise selection procedure, with nominal cditabp = 0.05, was used to
determine which variables should be retained irfitted model. Additionally alropl
command in R software was used to compare thenfodlel with a model in which the
interaction is dropped, using a Chi-square tess Tbmmand drops each explanatory
variable in turn, and each time it calculates tifiei@ence between deviances and
compares the difference to a Chi-square distribufuur et al., 2007). When several
descriptors are used simultaneously, this methlattseonly the significant ones. All
models were tested to overdispersion. The finalehaas fitted only with the
significant variables and the percentage of toéaiahce explained and relative
contribution of each factor were evaluated for eacilel independently.

For each net, the number of individuals by sizesxlper sample (CPUE-SC)
was obtained by multiplying the ratio of the totaimber of individuals caught to the
total number of individuals measured by the nundfeindividuals measured for each
10 mm TL size class (Garcia and Vieira, 2001; \Aei2006) and the size frequency

distribution compared between nets.
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The abundance data for Gamma model and CPUE-Sgsaalas log-
transformed [Log (x+1)] in order to met the assuond of normality and homogeneity
of variances. In order to calculate the specidmess for each seine independently of
the total number sampled (N), the rarefaction teqhan (E[S]) was performed (Hurlbert,

1971, Krebs, 1999) using the Software PAST ver2 2Hammer et al., 2001).

3. Results

3.1. Species composition
The abundances of the dominant {abundant (N% N%) and frequent

(FO%> X FO%)} species shifted between beaches and irioglatith the sampling
gear used, but the species composition did not s@ayially (Table 2). A total of 44,763
fishes from 45 species were caught in both beaeamesmost fishes were mainly
juveniles with 60.0% 60 mm TL. Thirty four species were common at do¢hches
(75.6% of similarity) and nine species were caugtly at Cassino (BS-9 m caught
Trachinotus falcatusndChromis flavicaudaand BS-30 m caugltstroscopus
sexspinosyssobiesox strumosu&enidens genidenBaralonchurus brasiliensjs
Ramnogaster arcuatdrichiurus lepturusandUmbrina canosgi and two species were
exclusive at Mar Grosso beadtypleurochilus fissicornisaught with BS-9m and
Trachinotus goodetaught with BS-30m.

At Cassino, using BS-9 m five species were domifdnigil liza, Trachinotus
marginatus M. curema Brevoortia pectinatandOdontesthes argentinensend
represented 91.6% of total catch. Four speciestfcepphala larvad,. falcatusC.
flavicaudaandMyctoperca marginatawere caught only with BS-9 m. Using BS-30 m,

seven species were dominalt (iza, T. marginatusB. pectinataO. argentinensis
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Menticirrhus littoralis Oncopterus darwiniandMicropogonias furnief and
represented 88.6% of the total catch. Fourteenepaere caught only with BS-30 m
(Table 2).

At Mar Grosso, using BS-9 m the same five speaeglst at Cassino were
dominant, and they represented 91.6% of the tatahc Six speciesAfichoa marinij
Syngnathus follettiLeptochephalii larvaeM. marginata G. strumosusndPogonias
cromig were caught only with BS-9 m. Using BS-30 m sespecies were dominant
(T. marginatusB. pectinataO. argentinensisM. littoralis, O. darwinii, M. furnieri
andM. americanusand represented 94.2% of the total catch. Nieeisp were caught

only with BS-30 m at Mar Grosso beach (Table 2).

3.2. Species richness variation

In general, the analysis of deviance showed thagrsexplanatory variables
were significant predictors for the species richnvesgtion in both beaches (Table 3).
The model explained 24.9% of the deviance, witlsgeaccounting for most of it
(16.2%), followed by beach seine type and curr@etction corresponding for 3.0% and
2.6%, respectively. Salinity, transparency, winediion and number of break lines
were also significantp(< 0.05) and together, they explained 3.1% of #éngahce.

In general, species richness increased with teriyerand the warmer seasons
(spring and summer) registered the highest averagwer of species caught (122
2.3 and 13.& 3.5, respectively) (Fig. 2a). Significant diffeoms between gears were
also registered, and BS-30 m caught more specaesBB-9 m (Fig. 2b). Salinity and
transparency had little explanatory power (0.5% @286, respectively; Table 3);

however, the number of species was highest inisaiirbetween 25-30 and water
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transparency under 40 cm (Fig. 2c-d, respectivéhydelation with surf zone
conditions, species richness was high with low garfe wave energy (0-3 break lines)
(Fig. 2e), and more species were caught when sag zonditions had two (19434.7)
or none (18.3 5.1) break lines. With regard to the current dicet species richness
was higher in samples taken with northward cur(2bi8+ 3.8) or without current
(22.3£ 5.0) (Fig. 2f). Although wind direction was a sifigant predictor, with 1.6% of
deviance explained, the mean species richnessamasdered low (15.2 5.0) only

when wind blew from the west (Fig. 29).

3.3 General abundance patterns

Spatial comparisons revealed that overall abundamsesignificantly higher
(F =4.652;p = 0.0319) in Cassino than Mar Grosso beaches)yddtfference was
found in overall abundance between sampling géars1(.337;p = 0.2478). However,
a significant interaction was found between beaemessampling gear§ = 12.342p
< 0.001), with significant differences being founetween BS-9 m and BS-30 m=
0.0053) in Mar Grosso beach, and between BS-9 lmotim beaches (p = 0.0004). In
general, the fish size composition changed inigelawith the sampling gear used and
beach sampled (Table 2 and Fig. 3). BS-9 m caugin¢ firsh with sizes 60 mm TL

(92.0%), whereas BS-30 m caught more fish withssiz€0 mm TL (81.3%) (Fig. 3).

3.4. Abundance patterns and size composition ®twlo most abundant species
The presence, abundance and size distributidvtugfil liza and Trachinotus
marginatus were analyzed individually because both spe@pgsesented 51.6% of the

catches at Cassino and 46.8% at Mar Grosso (Table 2
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Generalized linear models revealed that occurrehbeth species was
associated with a set of seven explanatory vasadne four of them (beach seine type,
season, current direction and number of surf blieek) were common to both species
(Table 4). The model favl. liza explained 25.1% of the deviance, with beach siipe
accounting for 20.4%. The model for marginatusexplained 22.7% of the deviance,
with season accounting for 18.6%.

The abundance df. lizawas associated mainly with beach seine type,
sampling local, and to a lesser degree with cudegttion, season, wind direction and
number of surf break lines (Table 4). The model&xred 32.8% of the deviance. High
variability in the catches dfl. liza were registered (Fig. 4). The highest mean number
of individuals were taken with BS-9 m (130%72419.7) in comparison with BS-30 m
(54.7+ 38.5) (Fig. 4a). Significant differences in theaneumber of individual were
registered between local, and highest mean nunifbedigiduals were taken at Cassino
(2289.7+ 1630.5), than Mar Grosso (43%101.4) (Fig. 4b)Mugil liza was captured
along all seasons, but high catches were assocgraedy with cold seasons (autumn =
186.1+ 254.7; winter = 146.6& 429.3) rather than warmer seasons (spring =81.4
130.0; summer = 40X 63.7) (Fig. 4c). The mean number of individualsgte was
highly associated with calm surf zone conditiormthmerly winds (567.& 790.6; Fig.
4d), no current (10578 1336.2; Fig. 4e), and a single surf break line©©(84 985.3;

Fig. 4f).

The abundance @f. marginatusvas associated only with season and the
model explained 22.3% of the deviance (Table 4% Mean number of individuals
caught increased from winter (4541.4) to summer (543:0490.4), with high

variability in the catches registered in this seadeg. 5).
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Mugil liza were caught at sizes between 20 to 30 mm TL andglall seasons
at both beaches (Fig. 6). At Cassino, high catelere registered in autumn and winter,
using BS-9 m. The BS-30 m caught fewer individuhleng autumn, spring and
summer, with high catches at 20 mm TL during autultar Grosso showed smaller
catches than Cassino, and they were made basmi#hyBS-9 m during autumn and
winter.

Trachinotus marginatugrere caught during all seasons at both beaches, but
peak catches occurred during summer, reinforciegtiong seasonal effect (Fig. 7).
Although were caught more marginatusat Mar Grosso, no differences were found in
abundance between both beacltes (.258;p = 0.262). At Cassino, BS-9 m caught
more individuals<k 60 mm TL (especially in summer), and BS-30 m caugtividuals
with sizes > 60 mm TL during all seasons, but esfigan summer and autumn. The

same pattern was observed at Mar Grosso.

4. Discussion
4.1. Species composition and sampling gears

The abundances of dominant species shifted bethegches (as well the total
abundance) but sampling gear and the species caiopatid not vary spatially. Both
beaches were very similar in terms of fish spec@sposition, and showed low
richness, being dominated by few abundant speciesposed mainly by juveniles. The
low number of species caught in this study areoimsonance with other studies made in
southern Brazilian surf zones (e.g., Barreirod.e2804 in Santa Catarina (S = 67);
Godefroid et al., 2004 in Parana (S = 70); Pessantaraujo, 2003 in Rio de Janeiro

(S = 55)) and worldwide (e.g., Inoue et al., 2008apan (S = 32); Wilber et al., 2003
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in United States (S = 57); Valesini et al., 199Australia (S = 26)). Although
McLachlan and Brown (2006) said that surf zone &iskemblage could support a wide
diversity of fish species (up to 160), few are Uigugsident (or surf zone related) and
many species can be considered rare, with few damhgpecies.

In our study, we caught nine dominant species th beaches, from which
four are estuarine relateMgil liza, Mugil curemaBrevoortia pectinatand
Micropogonias furnien, three are surf zone relatelrgchinotus marginatys
Menticirrhus littoralisandOncopterus darwin)iand two are estuarine resident
(Odontesthes argentinengiadMenticirrhus americanys Because of the proximity of
the estuary, the most abundant species caughtdirertly related with the estuary.
Several authors found that the presence of a marth or estuary reflects the species
composition in the adjacent surf zone (McLachlad Brown, 2006; Sato et al., 2008).
For example, Mugilids (in our cadd, lizaandM. curema strongly aggregate in
response to freshwater in the surf zone (Vieir®11%trydom, 2003), what appears to
be a trigger to juvenile aggregation (Sato et24l(08). In comparison with other surf
Zzone areas, the same pattern was observed (lowsiyvand few dominant species),
but some changes in species composition occurreldaply because there is a clear
latitudinal pattern in fish diversity (Vieira andudick, 1993). In fact, Araujo and
Azevedo (2001) studying the fish assemblage oflamenvironments (estuaries and
beaches) from southeast-south Brazilian coast fauseparation in species composition
related to latitudinal differences. Nevertheleks, fish assemblages were dominated
mainly by juveniles of Carangidae, Mugilidae anda8nidae (Araujo and Azevedo,
2001). This pattern of few families dominating szwhes are reported to other surf

zones all over the world (e.g., Nash and Santd@3;19ayman, 2000). Indeed, there
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may be an equivalence in species composition (oiliss) between beaches all over
the world (or between different latitudes), justlasre are for other marine and coastal
ecosystems (Sheaves, 2012). Furthermore, fluchsirospecies composition is a
feature that acts more in a specific level thancstiral (Pessanha and Araujo, 2003),
and may occur in accordance with particularitiesath beach as habitat (Modde and
Ross, 1981) and in response to interactions witir@mmental changes (Ayvazian and

Hyndes, 1995; Gibson et al., 1996; Potter et 8012.

4.2. GLM performance applied to species richness

The surf zone fish assemblage of southern Brazsigandy beaches have been
studied in relation to community structure and spsmporal variations (Ramos and
Vieira, 2001; Monteiro-Neto et al., 2003; Lima avieira, 2009), as well as the effects
of mud deposition events (MOAtverne et al., 2012), and the presence of rockiee
(Rodrigues and Vieira, 2012). The present workésfirst in analyzing sampling gear
effects and environmental predictor variables heoito explain spatio-temporal fish
assemblage structure variation.

The model used was successful in describing ardiqtireg species richness,
and the GLM results showed that both beaches pexteo differences in relation to
species composition, with season being the mosbitapt explanatory variable
influencing the variation of species richness.datfthe increase in temperature is the
most important factor regulating species richnessabundance of fish in subtropical
beaches and shallow areas (McFarland, 1963), wéhies peak abundance being
registered during warm months (Gibson et al., 128yman, 2000; Potter et al., 2001).

The temperature is also an important factor thaegees variability in sandy beach
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macrobenthic invertebrates, since it contributethéoseasonal variation of recruits
(Silva et al., 2008), ensuring prey availabilityjgeenile fishes (Monteiro-Neto and
Cunha, 1990; Rodrigues and Vieira, 2010). Alsohulie increase in abundance, more
rare species were caught during summer, incredisendiversity in the area. A high
richness specially related to rare species dummgnser in southeast Brazilian sandy
beaches was also reported by Pessanha et al. (20@8dition to the increase in
temperature during warmer months, the surf zon@@mwent became more stable with
the Brazil Current reaching high latitudes, brirggimaters with high salinities and
temperatures (Moller et al., 2008). This compléxation seems to explain the presence
of some occasional coastal marine warm waters epéeig. Trachinotus carolinusT.
falcatusandCaranx latu3. Hot summer months also reflect the recruitmexttgons
determined by the reproductive activity and coastaulation (Ross et al., 1987,
Gibson et al., 1993, Lamberth et al., 1995), anthieytemporary use of adjacent high
productivity areas.

As reported by Rodrigues and Vieira (manuscriptsitied) the largest beach
seine (BS-30 m) caught more species than the snoalée(BS-9 m), but there is a
highest similarity between both sampling gears;esihey catch the same dominant
species. The GLM model showed significant diffeesnin fish composition using
different sampling gears. This difference probakés related to rare and some large

species caught mainly with BS-30 m. Accorditiha et al. (2008) longer nets shows a

more representative picture of a fish communityithiaaller nets, since they can catch
more active and bigger fish, increasing the fishmess of the sampler.
The rare species were mostly vagrant from othettdial(e.g., estuary, deeper

coastal waters) or are not common in the catchesuse they have low vulnerability to
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the net. Thus, several authors (e.g., Francis,e2@05; Francis et al., 2011) suggested
that rare species have to be removed from the sisalyince part of the objective of
this study was comparing the performance of thedifferent beach seines, we choose
to maintain these rare species in the analysisBB¥80 m caught a lot of individuals
with sizes> 100 mm TL, a size that generally escape from thaller beach seine
(Rodrigues and Vieira, chapter 2), and for thisoga the larger beach seine is
considered a complementary sampling gear to beinsadf zone environments.

Current direction was also a significant factoekplaining the variation in
species richness, with more species being caugtamples taken in periods with calm
waters or with northward current. In fact, when slief zone did not have a longshore
current, the hauling operation was easier to perfancreasing the probability to catch
more fish and species. On the other hand, northaaments, associated with southeast-
southwest winds, could aggregate fish shoals innther surf zone area, increasing the
probability to catch more fish and more vagrantcggse Busoli and Muelbert (2003)
studying ichthyoplankton in Cassino beach surf zeperted an accumulation of fish
eggs and larvae near the mouth of Patos Lagooargstuost related with southeast-
southwest winds that generates a northward longstwrent pilling up coastal water
along the shoreline. Although wind patterns arengwortant factor to transport
plankton to the coast (Boehlert and Mundy, 1988&) iafluence directly in the
distribution of fish larvae in the surf zone of Gia® beach (Busoli and Muelbert,
2003), it seems that for juvenile fish inhabitirandy beaches near Patos Lagoon
estuary, this factor is not that important as reggbby Gibson et al. (1993) for fishes
and macrocrustaceans in a Scottish sandy beach woityrin this sense, wind is

directly related with longshore current directiordanumber of surf break lines, a
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measure of wave energy and another significanalbgiin the model, however with
low explanatory power.

We found that species richness decreased withcaease in number of break
lines (0 to 6), probably because fish would avbelturbulence caused by wave action
or because the difficulty of sampling during haecsihditions (e.g. net roll up). Contrary,
high richness was reported when water transpargasylow (< 50 cm), and the fact
that high wave energy increase the water turbulaeceicing the visual field and the
capability to find food resources, it seems notdasge for the study area. For estuaries,
the presence of turbid waters is generally consilér be advantageous for juvenile
fish, as it provides cover from predators and higlensities of prey than clear waters
(Johnston et al., 2007; Chiu and Abrahams, 2010j ¥&al., 2011). Although this
study and others made in the same area (Lima agicay2009; MoriAlverne et al.,
2012) found that an increase in wave energy, at lgato a certain level, increases the
diversity, several authors reported the contraryftber surf zones (e.g., Romer, 1990;
Clark, 1997; Gaelzer and Zalmon, 2003). This incoagce seems to be a problem of
defining “high wave energy” in surf zones. Howeuobertson and Lenanton (1984)
believed that exposed beaches with high wave ersgggtructurally more
homogeneous environments to nektonic organismgowigg the capability to retain
more species.

Salinity was also a significant factor in explaiitme variation in species
richness, but with low explanatory power. Sevetadlies reported its importance for
some surf zones (Pessanha et al., 2003; Vascosetlad, 2007; Jarrin and Shanks,
2010), but always showing a low explanatory powgalinity is an important factor to

explain the fish structure in estuaries (e.g., @agtal., 2003; Harrison and Whitfield,
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2006; Whitfield and Cowley, 2010; Vasconcelos et2009), but it seems less
important to explain the structure in surf zoné issemblages (Nanami and Endo,
2007; Lima and Vieira, 2009; Rodrigues and Viez@]2).

In the present work, all environmental variablesdusy GLM analysis were
measured during the field sampling (at on time megsand this kind of measure
represents only an instantaneous moment withimea series. Although our model had
a good performance, future studies using environah@ariables that describe the
average conditions (i.e., monthly) experiencedisly $hould be done, since such
variables can be more powerful than point measunésr(E&rancis et al., 2005). For
example, Attrill (2002) has shown that salinity i@éion, rather than salinity per se, is a

better predictor of invertebrate species diversitgstuaries.

4.3. The use of surf zone by juvenileMatjil liza and Trachinotus marginatus

Marine coastal shallow areas serve as nurseries\ariety of species widely
distributed on the shallow continental shelf (Letoarand Potter, 1987), and this study
revealed the importance of surf zone environmenjufeeniles of striped mulle¥l. liza,
an estuarine related species and the plata ponpanarginatusa marine specie.
Those two species have importance in local fisseaied were dominant in both
beaches studied, being strictly related with thé Bone environment during part of
their life span. The models used to assess ocagr@md abundance (Logistic and
Gamma respectively) performed well for both spegase they identified the most
important variables to explain the fish behaviothia surf zone environment.

For M. lizathe beach seine used was the main factor exptathiir

occurrence and abundance in the surf zone, wiét af ©ther less important significant
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variables in the model. The small beach seine daighificantly more individuals with
sizes below 30 mm TL than the larger one. Juvenilds. liza with sizes bellow to 30
mm TL occur all year-round in estuarine and adjaogarine habitats of the PL estuary,
being more abundant during cold months (Vieira,1198eira and Scalabrin, 1991), as
observed in our study. It is believed that smak g0 to 30 mm TL) individuals enter
in estuaries to grow. When reaching maturity, irdlials migrate to northern offshore
waters to spawn (for details; see Vieira, 1991er€hwere significant differences in
abundance of striped mullet between both beachelaply because the southward
predominance in the displacement of the PL pluanegrs large concentration of
juveniles at Cassino than at Mar Grosso beachh&urtore, the ingress of new recruits
from spawning stocks located in more southern wgtdruguay and Argentina) can not
be discarded.

Calm sea conditions (i.e., surf zone without lorggslcurrent and with less
than two break lines) were directly related wittgicatches dfl. liza, probably
because when sea conditions are harsh the graumdflthe seine may roll up over
head line (Allen et al., 1992), increasing the pscand, consequently reducing the
number of individuals caught. Also, shoals may lmearspread out and difficult to
catch, due to the turbulent waters and breakingegiav

Juveniles off. marginatusare surf zone resident and their occurrence and
abundance was directly related with warmer monttith, peak abundance in the
summer. Adults are found in deeper coastal watedgwveniles stay part of their life
span in the surf zone of sandy beaches (Lemos, @(dl1). In southern Brazilian coast,
the spawning period occurs from late spring (Novermnthrough the end of summer

(February) in coastal waters (~ 20-40 m), and egugslarvae drift with the current to
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the surf zone, arriving as juveniles with sizesvab®0-20 mm TL (Lemos et al., 2011).
The spawning period fdrrachinotusin United States Atlantic coast waters occurs in
late winter/early spring, when juveniles of therida pompanoT. carolinug and the
permit (T. falcatu$ are relatively common during spring and summérigh energy
surf zones of the Gulf (Ruple, 1984). However, ECoto et al. (2000) found larvae
of T. falcatuswith 5.2 mm during August, suggesting a summewsjoag in this
species in the northern Hemisphere, similarly Wizest been observed for marginatus
in the southern Hemisphere (Lemos et al., 2011thigsense, our findings are in
agreement with studies made all over the worldctvineported high abundance of
juveniles ofTrachinotusin high energy surf zones during warmer months.

High abundances df. marginatusduring warmer months are probably
associated with the high availability of prey ite(hs., benthic crustaceans) during this
season (Neves et al., 2008). According with Mont&leto and Cunha (1990) the
species is highly opportunistic and feed primaoitythe bottom or on organisms
displaced from the sand by wave action. This befrazan explain the direct relation of
T. marginatuswith high energy surf zones, although differencesbundance in
beaches with different degrees of wave exposure wet found (Rodrigues and Vieira,
2012). The continuous wave action on the sandybntalthough stressful, provides
large amounts of food, allowing the capture of dmythose species adapted to these
conditions (Clark, 1997). This seems to be the cageveniles ofT. marginatughat
use the surf zone environment for recruitment aedihg grounds. High abundances
were registered in summer with the size classidigion ranging from 20 to < 120 mm
TL, since sizes above 120 mm TL migrate to deepastal water to grow (Lemos et

al., 2010). Similar behavior was proposed by Bg#inand Avault (1970) and Modde



125
(1980) forT. carolinusin Gulf of Mexico. The behavior of juveniles ©f marginatus
indicates a nursery use of surf zone, as repogeather species dfrachinotus(Adams

and Blewett, 2004).

5. Conclusion

In summary, there is a significant difference inatlance between beaches,
but sampling gears and the species compositionatidary spatially, with both
beaches showing similar fish faunal compositiore GLM model used was successful
in describing and predicting species richness,randifferences in relation to species
composition were found between both beaches, \w#is@n being the most important
explanatory variable influencing the variation pésies richness. However, the choice
of sampling gear used played an important rolesesthe larger beach seine caught
significantly more species than the smaller onéjrbgeneral, catching the same
dominant species.

Two speciesN!. lizaandT. marginatuywere dominant in both beaches. For
M. liza, the type of beach seine used was the main faggaining the occurrence and
abundance, with high catches of small individugl8@ mm TL) directly associated
with BS-9 m and higher abundances at Cassino b&ach. marginatughe occurrence
and abundance was directly related with warmer hefgeak abundance during
summer), and no significant differences were oletbetween the beach seines, with

the size distribution ranging between 20 and 120 Thm

References



126

Adams A.J., Blewett D.A., 2004. Spatial patterngstuarine habitat type use and
temporal patterns in abundance of juvenile perfmachinotus falcatusn
Charlotte Harbor, Florida. Gulf and Caribbean Rege&6(2), 129-139.

Allen A.M., Service S.K., Ogburn-Matthews M.V., ZA%actors influencing the
collection efficiency of estuarine fishes. Trangats of the American Fisheries
Society 121, 234-244.

Araujo F.G., Azevedo, M.C.C., 2001. Assemblagesonftheast-south Brazilian coastal
systems based on the distribution of fishes. Estea€oastal and Shelf Science
52, 729-738.

Artioli L.G.S., Vieira J.P., Garcia A.M., Bemveni.A., 2009. Distribuicéo,
dominancia e estrutura de tamanhos da assembleeixds da Lagoa Mangueira,
sul do Brasil. Iheringia Série Zoologia 99(4), 4018.

Attrill M.J., 2002. A testable linear model for @isity trends in estuaries. Journal of
Animal Ecology 71, 262-269.

Austin M.P., 2002. Spatial prediction of speciestrbution: an interface between
ecological theory and statistical modeling. EcatajModeling 157, 101-118.

Ayvazian S.G., Hyndes G.A., 1995. Surf-zone fislseasblages in south-western
Australia: do adjacent nearshore habitats and #reni.eeuwin Current influence
the characteristics of the fish fauna? Marine Biglé22, 527-536.

Barreiros J.P., Figna V., Hostim-Silva M., SantoS R004. Seasonal changes in a
Sandy beach fish assemblage at Canto Grande, Gata#tana, South Brazil.

Journal of Coastal Research 20(3), 862-870.



127

Beger M., Possingham H.P., 2008. Environmentabfadhat influence the distribution
of coral reef fishes: modeling occurrence datébforad-scale conservation and
management. Marine Ecology Progress Series 363, 1-1

Bellinger J.W., Avault J.W., 1970. Seasonal ocawreg growth, and length-weight
relationship of juvenile pompan®rachinotus carolinusin Louisiana.
Transactions of the American Fisheries Society QR23-358.

Bergamino L., Lercari D., Defeo O., 2011. Food w#hicture of sandy beaches:
Temporal and spatial variation using stable isatap®alysis. Estuarine, Coastal
and Shelf Science 91, 536-543.

Beyst B., Cattrijsse A., Mees J., 1999. Feedindaggoof juvenile flatfishes of the surf
zone of a sandy beach. Journal of Fish Biologyl351-1186.

Beyst B., Hostens K., Mees J., 2002. Factors infiirey the spatial variation in fish and
macrocrustacean communities in the surf zone afysheaches in Belgium.
Journal of Marine Biological Association of the ttéd Kingdom 82, 181-187.

Boehlert G.W., Mundy B.C., 1988. Roles of behaJiarad physical factor in larval and
juvenile fish recruitment to estuarine nursery aréanerican Fisheries Society
Symposium 3, 51-67.

Busoli R.O, Muelbert J.H., 2003. Environmental éastand ichthyoplankton dynamics

in the surf zone of Cassino sandy beach (32952°20V). Journal of Coastal

Research 35, 463-471.
Chiu S., Abrahams M.V., 2010. Effects of turbidatyd risk of predation on habitat
selection decisions by Fathead Minnd®niephales promeldsEnvironmental

Biology of Fishes 87, 309-316.



128

Calliari L.J., Klein A.H.F., 1993. Caracteristica®rfodindmicas e sedimentoldgicas
das praias oceanicas entre Rio Grande e Chui,#8§uBRas 20(1): 48-56.

Calliari L.J., Holland K.T., Pereira P.S., GuedeBIK., Santo R.E., 2007. The
Influence of Mud on the Inner Shelf, Shoreface, Besw Surf Zone
Morphodynamics-Cassino, Southern Brazil. CoastdlrBents’07, New Orleans,
MS, pp., 1-11.

Clark B.M., Bennett B.A., Lamberth S.J., 1996. Temgb variations in surf-zone fish
assemblages from False Bay, South Africa. Marin@dgyy Progress Series 131,
35-47.

Clark B.M., 1997. Variation in surf-zone fish comnitly structure across a wave-
exposure gradient. Estuarine, Coastal and ShethSei44, 659-674.

Defeo O., McLachlan A., Schoeman D.S., Schlachar, Dugan J., Jones A., Lastra
M., Scapini F., 2009. Threats to sandy beach etess a review. Estuarine,
Coastal and Shelf Science 81, 1-12.

Flores-Coto C., Flores-Hernandez F., Zavala-Gd&fgi&renas-Fuentes V., Monreal-
Gomez M.A., Salas-de-Leon D.A., 2000. Oceanic aaritio ichthyoplankton at
the edge of the continental shelf in the southauti & Mexico. Gulf and
Caribbean Research 12, 31-35.

Francis M.P., Morrison M.A., Leathwick J., Walsh ®liddleton C., 2005. Predictive
models of small fish presence and abundance irhdoTtNew Zealand harbours.
Estuarine, Coastal and Shelf Science 64, 419-435.

Francis M.P., Morrison M.A., Leathwick J., Walsh €011. Predicting patterns of
richness, occurrence and abundance of small fidlem Zealand estuaries.

Marine and Freshwater Research 62, 1327-1341.



129

Franca S., Costa M.J., Cabral H.N., 2011. Inted-iatra-estuarine fish assemblage
variability patterns along the Portuguese coasudtme, Coastal and Shelf
Science 91, 262-271.

Gaelzer, L.R., Zalmon I.R., 2003. The influencevalfve gradient on the ichthyofauna
of southeastern Brazil: Focusing the communitycstme in surf-zone. Journal of
Coastal Research 35, 456-462.

Garcia A.M., Vieira J.P., 2001. O aumento da didade de peixes no estuario da
Lagoa dos Patos durante o episédio El Nifio 199'B.188antica 23, 85-96.
Garcia A.M., Vieira J.P., Winemiller, K.O., 2003ffécts of 1997-1998 EI Nifio on the
dynamics of the shallow-water fish assemblage efhtos Lagoon Estuary

(Brazil). Estuarine, Coastal and Shelf Science48B;500.

Gibson R.N., Ansell A.D., Robb L., 1993. Seasomal annual variations in abundance
and species composition of fish and macrocrustaceammunities on a Scottish
sandy beach. Marine Ecology Progress Series 98089-

Gibson R.N., Robb L., Burows M.T., Ansell A.D., B9idal, diel and long term
changes in the distribution of fishes on a Scogmihdy beach. Marine Ecology
Progress Series, 130: 1-17.

Godefroid R.S., Sapch H.L., Santos C., MacLarerSéhwarz Jr. R., 2004. Mudancas
temporais na abundancia e diversidade da faunaidespdo infralitoral raso de
uma praia, sul do Brasil. Iheringia Série Zooldgddl), 95-104.

Hammer @., Harper D.A.T., Ryan P.D., 2001. PASTie®&atological Statistics
software package for education and data analysigoRtologia Eletronica 4(1),

1-9.



130

Harrison T.D., Whitfield A.K., 2006. Temperaturedasalinity as primary determinants
influencing the biogeography of fishes in South iédr estuaries. Estuarine,
Coastal and Shelf Science 66, 335-345.

Hastie T.J., Tibshirani R.J., 1990. Generalizedithgel Models. Chapman and Hall,
London, 335 pp.

Hibino M., Ohta T., Isoda T., Nakayama K. Tanaka R006. Diel and tidal changes in
the distribution and feeding habits of Japanes@ézate baskateolabrax
japonicusjuveniles in surf zone of Ariake Bay. Ichthyologidresearch 53, 129-
136.

Hosmer D.W., Lemeshow S. 1989. Applied Logistic Region. New York, NY: John
Willey & Sons.

Hurlbert S.H., 1971. The nonconcept of speciesrditye a critique and alternative
parameters. Ecology 52, 577-586.

Inoue T., Suda Y., Sano M., 2008. Surf zone fishesiexposed sandy beach at
Sanrimatsubara, Japan: Does fish assemblage st alifier among
microhabitats? Estuarine, Coastal and Shelf Sciércé-11.

Jarrin J.R., Shanks A.L., 2010. Spatio-temporakbayics of the surf zone faunal
assemblages at a Southern Oregon sandy beach.eMaraogy 32(2), 232-242.

Johnston R., Sheaves M., Molony B., 2007. Are ithigtrons of fishes in tropical
estuaries influenced by turbidity waters? Jourfdish Biology 71, 657-671.

Krebs C.J., 1999. Ecological Methodology, secondBethjamin Cummings Publishing.

624p.



131

Lamberth S.J., Clark B.M., Bennett B.A., 1995. Seadity of beach seine catches in
False Bay, South Africa, and implications for magragnt. South African Journal
of Marine Science 15, 157-167.

Layman C.A., 2000. Fish assemblage structure ofsttadlow ocean surf-zone on the
eastern shore of Virginia Barrier Islands. Estugridoastal and Shelf Science 51,
201-213.

Lemos V.M., 2010. Aspectos da biologia reprodugy@adrao sazonal de recrutamento
dos juvenis do pampbrachinorus marginatugTeleostei, Carangidae) no sul do
Brasil. Tese de Mestrado, Oceanografia Bioldgica,&ande. 74p.

Lemos V.M., Varela Jr. A.S., Velasco G., Vieira.J2011. The reproductive biology of
the plata pompand,rachinotus marginatugleleostei: Carangidae), in Southern
Brazil. Zoologia 28(5), 603-609.

Lenanton R.C.J., Potter I.C., 1987.Contributioresfuaries to commercial fisheries in
temperate western Australia and the concept ofags®l dependence. Estuaries
10(1), 28-35.

Lima M.S.P., Vieira J.P., 2009. Variacdo espacopmmal da ictiofauna da zona de
arrebentacdo da Praia do Cassino, Rio Grande d¢Bgasil). Zoologia, 26(3):
499-510.

McFarland W.N., 1963 Seasonal change in the nurabérbiomass of fishes from the
surf at Mustang Island, Texas. Public InstituteMarine Science University of
Texas, 9, 91-105.

McLachlan A., Brown A.C., 2006. The ecology of sgnghores. Academic Press,

Burlington, MA, USA. 373p.



132

Modde T., 1980. Growth and residency of juvenighdéis within a surf zone habitat in
the Gulf of Mexico. Gulf Research Reports 6(4),-38b.

Modde T., Ross S.T., 1981. Seasonality of fisheuging a surf zone habitat in the
northern Gulf of Mexico. Fishery Bulletin, 78 (411-921.

Moller O.0., Piola A.R., Freitas A.C., Campos E.JZD08. The effects of river
discharge and seasonal winds on the shelf off sastern South America.
Continental Shelf Research 28, 1607-1624.

Mont'Alverne R., Moraes L.E., Rodrigues F.L., Vieira.J.J012. Do mud deposition
events on Sandy beaches affect surf zone ichthgafaé southern Brazilian case
study. Estuarine, Coastal and Shelf Science 10211%3125.

Monteiro-Neto C., Cunha L.P.R., 1990. Seasonal amdgenetic variation in foofd
habits of juvenileTrachinotus marginatu€uvier, 1832 (Teleostei, Carangidae) in
the surf zone of Cassino beach, RS, Brazil. Attanti2(1): 45-54.

Monteiro-Neto C., Cunha L.P.R., Musick J.A., 20@&mmunity structure of surf-zone
fishes at Cassino Beach, Rio Grande do Sul, Brdaiurnal of Coastal Research
35, 492-501.

Nakane Y., Suda Y., Sano M., 2011. Food habitssbf dn an exposed sandy beach at
Fukiagehama, South-West Kyushu Island, Japan. HelddVarine Research 65,
123-131.

Nanami A., Endo T., 2007. Seasonal dynamics ofdstemblage structures in a surf
zone on an exposed sandy beach in Japan. Ichthgal&tesearch 54, 277-286.

Nash R.D.M., Santos R.S., 1998. Seasonality in ciéth rate of small fishes in a
shallow-water fish assemblage in Prto Pim Bay, IF&zores. Estuarine, Coastal

and Shelf Science 47, 319-328.



133

Neves L.P., Silva P.S.R., Bemvenuti C.E., 2008. gemal variability of benthic
macrofauna on Cassino Beach, Southernmost Brdmtinigia Série Zoologia
98(1), 36-44.

Pereira P.S., Calliari L.J., Barletta R.C., 2018tdfiogeneity and homogeneity of
Southern Brazilian beaches: A morphodynamic anisstal approach.
Continental Shelf Research 30, 270-280.

Pessanha A.L.M., Araujo F.G., 2003. Spatial, terapand diel variations of fish
assemblages at two sandy beaches in the Sepeyb&Bade Janeiro, Brazil.
Estuarine, Coastal and Shelf Science 57, 817-828.

Pessanha A.L.M., Araujo F.G., Azevedo M.C.C., Golries 2003. Diel and seasonal
changes in the distribution of fish on a south&uaril sandy beach. Marine
Biology, 143, 1047-1055.

Potter I.C., Bird D.J., Claridge P.N., Clarke K.Ryndes G.A., Newton L.C., 2001.
Fish fauna of the Severn Estuary: Are there lomgrtehanges in abundance and
species composition and are the recruitment patigrthe main marine species
correlated? Journal of Experimental Marine Biolegyl Ecology 258, 15-37.

Prestelo L., Monteiro-Neto C., in press. Compasgampling strategies for surf zone
fish communities. Marine and Freshwater Research.

Queirolo D., Delouche H., HurtadoC., 2009. Compmaribetween dynamic simulation
and physical model testing of a new trawl designCbilean crustacean fisheries.
Fisheries Research 97, 86-94.

R Development Core Team, 2005. R: a Language awundament for Statistical
Computing. R Foundation for Statistical Computi¥gnna, Austria.

http://www.R-project.org



134
Ramos L.A., Vieira J.P., 2001. Composicao espec#iabundancia de peixes de zonas
rasas dos cinco estuarios do Rio Grande do SusjlBB®letim do Instituto de
Pesca 27(1), 109-121.

Riha, M., Kubeka, J., Mrkvika, T., Prchalova, MCech, M., Drastik, V., Frouzova, J.
Hladik, M., Hohausova, E., Jarolim, Qaza, T., Kratochvill, M., Peterka, J.

TuSer, M., Vasek, M., 2008. Dependence of beacteg®set efficiency on net
length and diel period. Aquatic Living Resources£211-418.

Robertson A.l., Lenanton R.C.J., 1984. Fish commtywstructure and food chain
dynamics in the surf-zone of sandy beaches: Theafotletached macrophyte
detritus. Journal of Experimental Marine Biologyddfcology 84, 265-283.

Rodrigues, F.L., Vieira, J.P., 2010. Feeding stpatef Menticirrhus americanuand
Menticirrhus littoralis (Perciformes: Sciaenidae) juveniles in a sandgvearf
zone of southern Brazil. Zoologia 6, 873—-880.

Rodrigues F.L., Vieira J.P., 2012. Surf zone fishradance and diversity at two sandy
beaches separated by long rocky jetties. Journdiamine Biological Association
of the United Kingdom, Available on CJO doi: 10.7080025315412001531.

Romer G.S., 1990. Surf zone fish community andisgaesponse to a wave energy

gradient. Journal of Fish Biology 36, 279-287.

Ross S.T., McMichael R.H., Ruple D.L., 1987. Seasand diel variation in the
standing crop of fishes and macroinvertebrates ad@dulf of Mexico surf zone.
Estuarine, Coastal and Shelf Science 25, 391-412.

Ruple D.L., 1984. Occurrence of larval fishes ia surf zone of a Northern Gulf of

Mexico Barrier Island. Coastal and Shelf Sciencel®d-208.



135

Sato N., Asahida T., Terashima H., Hurbungs M.@ga,H., 2008. Species composition
and dynamics of larval and juvenile fishes in the sone of Mauritius.
Environmental Biology of Fishes 81, 229-238.

Scharf W.R, Heermann L., Kénig U., Borcherding2D0Q9. Development of abundance
and size structure of young-of-the-year perch pafpans using three methods.
Fisheries Research 96, 77-87.

Sheaves M., 2012. Ecosystem equivalence and thy abigeneralize: insights from
global consistencies in mangrove fish assembladdasne Ecology Progress
Series 461, 137-149.

Siegle E., Calliari L.J., 2008. High-energy evesms short-term changes in superficial
beach sediments. Brazilian Journal of Oceanograg(2), 149-152.

Silva P.S.R., Neves L.P., Bemvenuti C.E., 2008. gaml variation of sandy beach
macrofauna at two sites with distinct environmentaiditions on Cassino beach,
extreme southern Brazil. Brazilian Journal of Oaspaphy 56(4), 257-270.

Strydom NL.A., 2003. Occurrence of larval and eareniles fishes in the surf zone
adjacent to two intermittently open estuaries, Bdftica. Environmental
Biology of Fishes 66, 349-359.

Suda Y., Inoue T., Uchida H., 2002. Fish commusiirethe surf zone of a protected
sandy beach at Doigahama, Yamaguchi Pefecturen.Jgptuarine, Coastal and
Shelf Science 55, 81-96.

Valesini F.J., Potter I.C., Clarke K.R., 1997. Thawextent are the fish compositions at
nearshore sites along a heterogeneous coast raddtettitat type? Estuarine,

Coastal and Shelf Science 60, 737-754.



136

Vasconcellos R.M., Santos J.N.S., Silva M.A., AcaldjG., 2007. Efeito do grau de
exposicao as ondas sobre a comunidade de peibesguem praias arenosas do
Municipio do Rio de Janeiro, Brasil. Biota Neotipi/ (1), 93-100.

Vasconcellos R.M., Araudjo F.G., Santos J.N.S.,&8M.A., 2011. Diel seasonality in
fish biodiversity in a Sandy beach in southern@asBrazil. Journal of Marine
Biological Association of the United Kingdom 91(&837-1344.

Vasconcelos R.P., Reis-Santos P., Fonseca V., Rdaribanner S., Costa M.J., Cabral
H.N., 2009. Juvenile fish condition in estuaringsauies along the Portuguese
coast. Estuarine, Coastal and Shelf Science 821338

Vieira J.P., 1991. Juvenile Mullets (Pisces: Mwigik) in the Estuary of Lagoa dos
Patos, RS, Brazil. Copeia 2, 409-418.

Vieira J.P., Scalabrin C., 1991. Migracao reprodutia “Tainha” Mugil platanus
Gunther, 1980) no sul do Brasil. Atlantica 13(1314141.

Vieira J.P., Musick J.A., 1993. Latitudinal pattein diversity of fishes in warm-
temperate and tropical estuarine waters of theemegttlantic. Atlantica 15, 115-
133.

Vieira J.P., 2006. Ecological analogies betweeunagste bottom trawl fish assemblages
from Patos Lagoon, Rio Grande do Sul, Brazil andkYRiver, Virginia, USA.
Revista Brasileira de Zoologia 23(1), 234-247.

Whitfiled A.K., Cowley P.D., 2010. The status o$Hi conservation in South Africa
estuaries. Journal of Fish Biology 76, 2067-2089.

Wilber D.H., Clarke D.G., Burlas M.H., Rubenc H.jIMR.J., 2003. Spatial and
temporal variability in surf zone fish assemblagesh® coast of northern New

Jersey. Estuarine, Coastal and Shelf Science 36304.



137
Zuur A.F., leno E.N., Smith G.M., 2007. Analysingpéogical data. Springer. 672p.
Yagi Y., Kinoshita I., Fujita S., Aoyama D., Kawarauy., 2011. Importance of the
upper estuary as a nursery ground for fishes iakkrBay, Japan. Environmental
Biology of Fishes 91, 337-352.
Ye Y., Pitcher R., Dennis D., Skewes T., 2005. @usting abundance indices from
scientific surveys of different designs for the fesr Strait ornate rock lobster

(Panilurus ornatuyfishery, Australia. Fisheries Research 73, 180-20



138

Table 1.Mean and standard deviation for environmentalaldeis registered at Cassino

and Mar Grosso, southern Brazil, during the 2-yedsampling.

Environmental variables Cassino Mar Grosso

Winter Spring Summer Autunm  Winter Spring Summer Autunm
Temperature (°C) 13.1+03 191+0.2 241+0.186%*0.0 13.3+0.2 19.15+0.2 245+04 18.1+0.5
Salinity 256+17 287+x04 321+x01 30940. 233x08 24217 31.3+x00 31.0+0.3
Transparency (cm) 296+32 278+18 418+2439+15 36.6+3.2 37.8+£5.0 33227 29.2+35
Wind (m/s) 31+x01 6.7%x05 58+0.1 47+0.1 4604 48+0.1 54+0.0 6.7+0.1

Number of break lines 1+£0.2 2+0.1 1+£0.0 2% 0 3+0.1 3+0.1 2+0.1 4+0.0
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List of fish species caught by beach seine netsqBE BS-30m) in shallow surf zone areas from Gasand Mar Grosso beaches,

southern Brazil. Size range (minimum-maximum, maaat standard deviation) and total catch (hnumber olviddals caught), are

represented. Species are classified by relativeitapce: abundant and frequent (black box), aburat@hnot frequent (dark grey box),

frequent and not abundant (light grey box), pregeithout color boxes) and absent (-).

Cassino Mar Grosso
Species BS-9m BS-30m BS-9m BS-30m
Total Total Total Total
Total length (mm) catch Total length (mm) catch Total length (mm) catch Total length (mm) catch
Mugil liza 18-117 (26. % 4.3) 24-610 (98.G: 104.4) 11-83 (27.2£ 3.7) 24-510 (179.9 137.0) 63

Trachinotus marginatus
Mugil curema

Brevoortia pectinata
Odontesthes argentinensis
Menticirrhus littoralis
Oncopterus darwinii
Micropogonias furnieri
Menticirrhus americanus
Lycengraulis grossidens
Atherinella brasiliensis
Paralichthys orbignyanus
Anchoa marinii
Eucinostomus melanopterus
Mugil cf. hospes
Pomatomus saltatrix
Oligoplites saliens
Polydactylus virginicus
Harengula clupeola
Trachinotus carolinus
Syngnathus folletti
Leptochephala larvae
Stephanolepis hispidus
Trachinotus falcatus
Chloroscombrus chrysurus
Chromis flavicauda
Genidens barbus
Hyporamphus unifasciatus

14-143 (41.0 20.2)
22-88 (35.8¢ 6.4)
16-165 ( 37.% 20.1)
20-236 (86.4¢ 48.5)
25-176 (56.5 17.0)
20-194 (56.9 40.6)
15-230 (121.G- 105.5)
16-48 (28.1+ 5.4)
22-115 (35.2 12.5)
21-147 (82.7% 18.6)
24-60 (30.9t 6.5)
15-26 (17.9¢ 2.2)
25-89 (55.6¢ 15.0)
61-120 (100.9-13.3)
33-113 (71.Gt 24.1)
70-96 (78.6¢ 9.5)
46-102 (72.8: 27.6)
62-73 (70.0x 4.6)
90-126 (101.8 16.4)
35-36 (35.5: 0.7)
68-215 (141.5 103.9)
25-26 (25.5: 0.7)
50-50 (50.0x 0.0)
22-22 (22.0¢ 0.0)
86-86 (86.0x 0.0)
281-281 (281.6: 0.0)

195
55

8
70

141

169

34

22
17

funy
o
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11-186 (78.0 22.3)
35-261 (105.5 28.3)
23-237 (81.5 26.2)
39-327 (153.% 26.8)
32-328 (117.& 35.0)
30-186 (79.4t 25.9)
80-660 (199.2 45.5)
70-303 (128.G: 38.6)
55-206 (127.& 24.0)
64-200 (101.5 27.9)
136-470 (237.1 67.4)
89-95 (91.6¢ 2.8)
93-179 (148.8 38.2)
28-129 (86.3 20.3)
88-253 (112.& 26.9)
62-110 (89.3 9.1)
104-104 (104.@ 0.0)
72-123 (98.8 19.7)
67-164 (97.0t 33.6)
101-101 (101.@ 0.0)

55-114 (75.Gt 15.9)
48-57 (52.8: 2.7)

77-130 (92.4t 6.8)
258-305 (280.&: 24.5)

204

108

12-145 (38.8t 20.6)
23-87 (34.6t 7.6)
19-154 (29.9 9.3)
16-233 (68.Ct 40.5)
18-120 (47.6¢ 15.8)
14-109 (36.6 19.9)
17-210 (39.3 26.1)
12-119 (24.% 11.2)
27-147 (63.8 41.6)
60-102 (80.5¢ 10.4)
21-90 (42.8¢ 31.8)
15-18 (16.8t 1.5)
32-109 (52.6 24.1)
42-104 (79.% 33.1)
39-64 (49.7 8.2)
32-64 (41.8: 11.3)
71-78 (74.5¢ 4.9)
60-151 (108.% 45.8)
84-104 (94.Gt 14.1)
37-50 (43.5t 9.2)
82-101 (91.5 13.4)

40-48 (4.8 3.3)

277
120
57
141
13

~
[¢)]

o
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19-170 (78.4: 20.3)
35-208 (82.8 37.2)
34-211 (127.% 45.8)
37-310 (155.G: 28.9)
31-281 (112.G: 29.9)
31-122 (67.9 18.3)
58-254 (172.4 42.5)
15-270 (121.6 25.2)
90-240 (133.3 22.1)
116-125 (121.3 3.9)
149-434 (262.9 122.8)
143-152 (147.53 6.4)
60-160 (95.% 11.6)
88-153 (107.8 18.3)
55-89 (71.3¢ 9.9)
113-172 (142.3 41.7)
82-95 (88.3¢ 5.9)
72-195 (116.2 31.1)

91-182 (121.6 37.8)
45-70 (55.8¢ 6.0)

134-148 (141.3 6.4)
280-300 (290.8& 9.8)

59

I



Myctoperca marginata
Platanichtys platana
Astroscopus sexspinosus
Caranx latus
Eucinostomus argenteus
Genidens genidens
Genidens planifrons
Gobiesox strumosus
Hypleurochilus fissicornis
Paralonchurus brasiliensis
Pogonias cromis
Ramnogaster arcuata
Sardinella janeiro

Selene vomer
Trachinotus goodei
Trichiurus lepturus
Umbrina canosai

Total catch

Number of species
Hurlbert rarefaction E[S]

23-23 (23.0£ 0.0)
87-87 (87.0 0.0)

16243

29
23

71-105 (97.1 5.5)
120-400 (215.% 159.7)
89-120 (109.3 13.9)
140-158 (149.6: 12.7)
84-205 (116.4 47.8)
102-168 (144.5 31.3)
20-20 (20.0x 0.0)

145-145 (145.6: 0.0)
210-210 (210.6: 0.0)
57-57 (57.0¢ 0.0)
178-178 (178.6: 0.0)
48-48 (48.0x 0.0)

87.5-917 (274.4 300.0)
161-161 (161. 0.0)

PR RRRRPRERRANNDWO

[¢¢]

(&)]

9694

38
34

20-24 (22.2 1.8)

138-130 (138.6: 0.0)
27-27 (27.0£ 0.0)

64-64 (64.0t 0.0)

8920

28
26

89-101 (95.9 3.8)

42-100 (71.Gt 41.0)
90-126 (108.G: 25.5)

133-148 (138.% 8.1)

164-220 (185.3 14.1)
57-103 (75.4 15.0)
159-159 (159.6: 0.0)

140

9906

30
28




141

Table 3

Analysis of deviance for the poisson-based GLMf{itto the species richness values for
Cassino and Mar Grosso beaches, southern Brazile¥éor deviance for each factor,
residual deviance (Res. Dev.), deviance, percerthtie total deviance explained by
each factor (% Expl.) anglvalues are presented.

Predictors p-value Res. Dev. Deviance % Expl.
Species  Null 1866.5
Richness Main effects
Beach seinetype  9.733E-14 1811.1 55.4 3.0
Season <2.2E-16 1508.5 302.6 16.2
Salinity 0.0020 1498.9 9.5 0.5
Transparency 0.0444 1494.9 4.0 0.2
Wind direction 1.918 E-16 1465.6 29.3 1.6
Longshore
Current direction  3.430 E-11 1417.4 48.2 2.6
Break lines 0.0001 1402.6 14.8 0.8

Total explained 24.9
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Goodness-of-fit for the Logistic and Gamma GLMéitttoMugil liza andTrachinotus

marginatusdensities in both beaches. Values of deviancedoh factor, residual

deviance (Res. Dev.), deviance, percentage obthédeviance explained by each

factor (% Expl.) angb values are presented.

Predictor p value Res. Dev. Deviance % Expl.
Logistic model
M. liza
Null 1902.3
Main effects
Beach seine type <2.2E-16 1513.9 388.5 20.4
Season 1.577 E-16 1484.1 29.8 1.6
Wind direction 0.0038 1470.7 134 0.7
Longshore current direction 3.166 E-08 36.2 34.5 1.8
Break lines 0.0012 1425.7 10.5 0.6
Total explained 25.1
T. marginatus 1931.1
Null
Main effects
Beach seine type 6.706 E-07 1906.4 24.7 31
Beach 0.0057 1898.8 7.6 0.4
Season <2.2E-16 1539.5 359.3 18.6
Wind velocity 5.413 E-08 1509.9 29.6 15
Longshore current direction 0.0022 1497.7 12.2 0.6
Break lines 0.0333 1493.2 4.5 0.2
Total explained 22.7
Gamma model
M. liza
Null 213.6
Main effects
Beach seine type <2.2E-16 187.7 25.9 112
Beach <2.2E-16 168.3 195 9.1
Season 1.563 E-05 161.5 6.8 3.2
Wind direction 0.0002 156.2 5.3 25
Longshore current direction 1.304 E-07 7.64 8.6 4.0
Break lines 9.442 E-05 143.5 4.1 1.9
Total explained 32.8
T. marginatus
Null 296.6
Main effects
Season <2.2E-16 230.5 66.1 22.3
Total explained 22.3
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Cassino Mar Grosso

v7sl Q) BS-9m (2350) | BS-9m (259)
15l BS-30m (14) | BS-30m (16)

0 T T T T T T T T T T T T T T T T
175 D) BS-9m (1129) | BS-9m (218)
15 - BS-30m (95) | BS-30m (23)

BS-9m (599) | BS-9m (75)
15 | BS-30m (52) BS-30m (6)

Log (CPUE + 1)

175 d) BS-9m (2526) T BS-9m (702)
15 BS-30m (104) - BS-30m (18)

025 I F
0 = \ — T

T T T T T T T T T T T
0 20 40 60 80 100 >1200 20 40 60 80 100 >120

Size class (TL mm)

Fig. 6. Distribution of CPUE per size class fdugil liza caught during the 2-years
sampling, for seasons of the year. a) winter, bijpgpc) summer and d) autun.
Beach seine 9m (BS-9m) alll  Beach seine 30rB8(®9. Number of catches given

in parentheses.



149

Cassino Mar Grosso
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ANEXO IV

Variacao interanual na assembleia de peixes dad®maarebentacdo de duas praias

subtropicais adjacentes a um estuario.

Rodrigues, Fabio Lameiro; Moraes Leonardo Evanigeldeira, Jodo Paes

(Periddico a ser definido)
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RESUMO
O presente estudo objetiva avaliar variacdes intetia na composicao e abundancia da
assembleia de peixes da zona de arrebentacao siprdies arenosas separadas por um
estuario, e identificar os fatores que influencestas variacées. Para tanto, analisou-se
um banco de dados de coletas mensais, para und@edatinuo de 12 meses (Junho
2001 a Maio 2002) e um segundo periodo de 24 nfégk® 2009 a Junho 2011), cujos
dados foram gerados a partir de um protocolo desaagens padronizadas. Variaveis
ambientais (temperatura, salinidade, transparéwnazio e componentes do vento)
foram adicionadas ao modelo para tentar identifielaces entre estas variaveis e 0s
padrées encontrados. Duas caracteristicas marceaeriodos analisados: i) a
presenca de um everiib Nifio de fraca intensidade no segundo periodo, e lijneeato
na temperatura da agua em superficie entre ossvéM@e houve mudanca na
composicao de espécies entre os periodos, poréegistrada uma queda significativa
na abundancia total e na diversidade ao longordpdeSete espécies foram
dominantes em ambos os periodos, sendo trés esp@eimmente relacionadas com a
zona de arrebentacabr@chinotus marginatysvienticirrhus littoralise M.
americanuy Juvenis délugil liza, M. littoralis, M. americanue T. marginatus
registraram uma queda significativa na abundanéi@diarentre o passado e o presente.
Para as demais espécies ndo foram identificadamaqueelevacédo, estatisticamente
significativas na abundéancia entre os periodossatals. Quando descartada a
variabilidade natural, associada a variacfes nagdiges climaticas, a hipotese mais
parcimoniosa para explicar a queda na abundanadé&rdas espécies esta relacionada

ao aumento na presséao de pesca exercida sobngéagesslominantes.
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Palavras-chave: zonas costeiras rasas, sériesr@s)p@riabilidade, esforco

de pesca, mudancas climaticas, sul do Brasil.
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ABSTRACT

The present study aims to evaluate interannuatianis in the composition and
abundance of the surf zone fish assemblage of &nwdysbeaches separated by an
estuary, and to identify the factors influencingdé variations. Hence, we analyzed a
data set composed by two sampling periods: Jung& 20Blay 2002 and July 2009 to
June 2011. Fish abundance data were collected hgomth a standardized sampling
protocol. Environmental variables (temperaturengs| transparency, estuary flow and
wind components) were included in the model tadrgxplain variability patterns. Two
features characterized the periods analyzed: iptbgence of a low intensiBl Nifioin
the two-year period, and ii) an increasing tendeénurface water temperature during
summers. In general, species composition remainekdanged between periods, but the
total abundance decrease significantly over the.tideven species were dominant in
both periods, of which three species were diraetlgted to the surf zone environment
(Trachinotus marginatysMenticirrhus littoralisandM. americanusand one species is
knowm for using the surf zone as a pathway whilgrating into estuariesMugil liza).
Juveniles of this species recorded a significaop din average abundance between past
and present data. Trends observed for other sp@Eesease or increase in abundance)
were not statistically significant. Apart from thatural variability associated with
changes in climatic conditions, the most parsimasiloypothesis to explain the drop in
average abundance of fish species is related tim¢hease in the fishing pressure on the

dominant species.

Keywords:shallow coastal areas, time series, variabilighihg effort, climate

change, southern Brazil
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1. INTRODUCAO

Mundialmente, a zona de arrebentacdo de praiassag® caracterizada por
apresentar uma alta hidrodinamica, com variacoeduadancia e composicéo de
espécies de peixes, relacionadas principalmera®meet ambientais (p. ex. temperatura,
salinidade, grau de exposicéo as ondas) (Bey&t20@2, Lazzari et al. 2003, Inui et al.
2010). Este ambiente é conhecido por ser uma &redatao e alimentacao
(McLachlan & Brown 2006), assim como rota de passagara muitas espécies de
peixes marinhos costeiros em conexao com sistest@argos, sendo conhecidas como
importantes areas de pré-recrutamento de espé&tiegiao-relacionadas (p. eMugil
e Brevoortig (Beck et al. 2003, Able et al. 2011). Consequaetge, poucas especies
(p. ex.Trachinotusspp. eMenticirrhusspp.) sdo realmente aptas para viverem neste
ambiente em funcéo da alta hidrodinamica reinaiar 1997).

A ictiofauna que utiliza a zona de arrebentacagpdaias arenosas situadas no
extremo sul do Brasil é relativamente bem conhe@ianos & Vieira 2001, Monteiro-
Neto et al. 2003, Lima & Vieira 2009, Rodrigues &Wa 2012), tendo sido
apresentados os padrbes de composicdo e dominignois deste tipo de habitat (i.e.,
baixa diversidade e dominancia de poucas espégies). disso, este ambiente € uma
importante area de recrutamento de espécies (e disttamente relacionadas com o
zona de arrebentacao (p. ex. o pampchinotus marginatus o papa-terra
Menticirrhus littoralis) e espécies estuarino relacionadas, tais conmaoleatdugil liza,

a savelh@revoortia pectinata o papa-terrdMenticirrhus americanugGarcia et al.
2003, Lemos et al. 2011, Rodrigues & Vieira 20E&ores fisicos sdo os grandes
reguladores da dinamica deste ambiente, que é@rfente influenciado pelo padréo de

vento, ondas e ondulacdes, que determinam a varia;aivel médio do mar e o
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direcionamento da Pluma do Estuério da Lagoa dws PRELP), influenciando
diretamente a distribuicdo de sedimentos e a ptasgmagua menos salina na regiao
costeira adjacente. Por exemplo, os ventos de sierdaedominantes na regiao,
tendem a favorecer o espalhamento da PELP em dise¢aformando um bolsdo de
agua menos salina e com alto teor de sedimentos, faw longo de grande extenséo da
orla da praia do Cassino (Mdller et al. 2001, Masget al. 2010). A intensificacdo
deste evento (aguas menos salinas + sedimenta$ ércausada principalmente pela
vazéo do ELP, a qual é regulada especialmentedpstarga continental da grande
bacia de drenagem do sistema Patos-Mirim (~ 20k68p(Méller et al. 2001). Esta
descarga continental possui um forte componengeantial, controlado por variacdes
no padrao de chuva na bacia de drenagem, quersgidati principalmente por
fendmenos climaticos (p. ekl Nifio Oscilacdo Sul - ENSO) (Grimm et al. 1998,
Garcia et al. 2003, Moller & Fernandes 2010). Anlasgoositivas de chuva em toda a
bacia de drenagem durante eventos ENSO promovées fdescargas em todos os
tributarios da Lagoa dos Patos, resultando em onm@v¥azao estuarina (de 2.400 para
12.000 ni/s) e, por conseguinte, um aumento na intensidadefidéncia da pluma
estuarina na regido costeira adjacente (Vaz 208b). Este efeito cascata promovido
pela alteracdo no regime de chuvas na regido seéngdurante eventdas Nifig
guando sao observadas anomalias negativas de cauegido.

As praias arenosas adjacentes ao ELP (praia dinGasMar Grosso, Fig. 1),
tendem a apresentar uma forte dinamica temporsihfasomo ocorre no ELP), sendo
fortemente regida por ciclos sazonais reguladas teehperatura (Chao et al. 1985,
Garcia et al. 2012, Moraes et al. 2012, Rodrigud&eira 2012). Adicionalmente, o

efeito de fendmenos climaticos sobre o regime deahda regido, como mencionado
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acima, impde um importante componente interanudim@mnica temporal da biota e
dos fatores abidticos do ELP (Garcia et al. 20@&Decht et al. 2010), o qual parece
se refletir também, em areas pouco profundas daaegsteira adjacente (Odebrecht et
al. 2010, Dumont & Oncao 2011).

A maioria dos trabalhos que tem como foco o estladassembleia de peixes
da zona de arrebentacdo de praias arenosas eagl@lises utilizando uma curta série
temporal (12-24 meses) (p. ex. Monteiro-Neto e2@03, 24 meses; Nanami & Endo
2007, 24 meses; Lima & Vieira 2009, 12 meses){uwdes relacionando informagdes
obtidas em periodos distintos (i.e., passado eprese ha mesma regido, sao
praticamente inexistentes. Adicionalmente, diaotea@htexto mencionado acima e que
vem sendo observado para o ELP, e também na reggéeira adjacente, o presente
estudo objetivou: i) avaliar possiveis variagbemteranuais na composicao e
abundancia da assembleia de peixes da zona derstaeo, e ii) identificar os fatores

gue podem estar influenciando nestas variacgoes.

2. MATERIAL E METODOS
2.1. Area de estudo

A area de estudo compreendeu duas praias arenosiizddas no extremo sul
do Rio Grande do Sul (RS) e adjacentes ao Estdariagoa dos Patos (Fig. 1). A
costa do RS possui orientacdo nordeste-sudoestara@erizada por uma extensa e
retilinea planicie costeira, com os graos formagldess areias da praia variando de
muito finos (proximo aos molhes) a médios (praiassrdistantes aos molhes, ~ 20 km)
(Siegle & Calliari 2008). A linha de praia é dordiagpor ondas (niveis médios de

energia), sendo que as maiores ondas ocorrem dwamgerno e as menores, durante
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o verdo, com padrdes intermediarios sendo obsesvamloutono e na primavera
(Calliari & Klein 1993). A maré apresenta baixa dimpe (0,47 m) e o vento € 0
principal fator regulador do nivel do mar na costarrendo um predominio de ventos
de nordeste ao longo de todo o ano (primaveradyercorre o abaixamento do nivel
do mar, e ventos do quadrante sul durante o outmeoho, que causam a elevacédo do
nivel do mar (Moéller et al. 2001). O padrao de veatmbém é responsavel pela
intensificacéo ou reducédo da vazéo do ELP, coomteato dos fluxos de vazante e
enchente durante os ventos de nordente e sudmesgiectivamente, o que influencia

diretamente na intensidade da PELP.

2.2. Desenho amostral

As amostragens foram realizadas mensalmente, eéuréstperiodos néo
consecutivos (I = Junho 2001 a Maio 2002; Il = aW@B09 a Junho 2010 e 11l = Julho
2010 a Junho 2011), em duas praias arenosas (Casklar Grosso) separadas pelos
molhes da barra do estuario da Lagoa dos Patosl(f-igm cada praia foram
escolhidos dois pontos para a coleta dos peixeteagfo das variaveis ambientais.
Durante os trés periodos utilizou-se 0 mesmo aac®ty uma rede de arrasto de praia
com 9 m de comprimento por 1,5 m de altura, comhandB mm (entre n0s opostos)
nas asas e 5 mm (entre nés opostos) nos 3 m cef@teala arrasto era feito de forma
perpendicular a linha de praia, em profundidadisiores a 1,5 m e sempre se
evitando arrastar a rede na mesma area amostradeasto anterior. O material
coletado era acondicionado em sacos plasticosmmfermalina 10%, e transportado
para o Laboratério de Ictiologia (I0O/FURG). No la&idrio, 0s peixes eram

identificados com o auxilio de guias de identif@ag@specificos, medidos o
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comprimento total em milimetros e registrado o nintetal de individuos por
espécie/por amostra.

As variaveis ambientais registradas e utilizadaan#ise foram obtidas de
duas maneiras. Registirositu e simultaneos as amostragens bioldgicas, da tetoper
da agua em superficie (°C), salinidade e transp@arédisco de Secchi, m). Com
relacéo a variavel salinidade, deve-se ressal@addarentes equipamentos de medicao
foram utilizados ao longo dos trés periodos (réfregtro — periodo-I; termo-
salinbmetro e refratbmetro — periodos-Il e lll)dpder gerado uma discrepancia nas
leituras, como evidenciado pelas analises préwatad/ariavel (resultados ndo
apresentados), e que sugerem diferencas signisatntre os trés periodos. No entanto
Rodrigues & Vieira (2012) demonstram que a saluédado € um fator significativo
para explicar a variabilidade da assembleia deegaias duas praias previamente
estudadas. Sendo assim, optou-se por retirarradsale das analises, pois nao foi
possivel identificar se as diferencas observadas es trés periodos analisados eram
reais ou estavam associadas as mudancas nos egoipam

As informacdes referentes a vazao do ELP forandabta partir de dados de
vazao dos trés principais rios do sistema Patos¥Mifacui, Taquari e Camaqua),
adquiridos junto & web site da Agéncia Nacional/Azisas (ANA -
http://hidroweb.ana.gov.br/). A soma das descamgassais destes trés rios corresponde
a 70% da vazao de toda bacia de drenagem e, pmrainttiizada como um indicador
do aporte de agua doce no ELP e da vazédo destiegiaz et al. 2006). Dados de
vento foram obtidos junto a “Divisdo de Pesquisabfemtal do Centro de Ciéncias da
Pesca da NOAA - National Oceanic and Atmospherimidstration”, na web site:

http://las.pfeg.noaa.gov/las6_5/servlets/datasestdNbanco de dados se escolheu a
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informacé&o proxima a area de estudo (32° S; 520Wgndo-se os valores mensais dos
componentes zonal (direcdo oeste-leste) e merididmacao sul-norte) do vento acima

da superficie do mar até 10 m.

2.3. Anélise de dados

Para a analise proposta neste manuscrito, optparsenalisar o banco de
dados como um todo, considerando apenas trésdat®eriodos” (trés niveis: periodos
[, Il e 11I), “Estacdo do Ano” (quatro niveis: verdoutono, inverno e primavera) e
“Local” (dois niveis: Cassino e Mar Grosso). Ostpsrde coleta nao foram
considerados com um fator para as analises, @allros prévios (ver ANEXO | e 1ll)
concluem que nao ha diferencas espaciais sigmfasahas variaveis ambientais,
abundancia e composicao das espécies entre ospntoleta, justificando a
utilizacdo dos mesmos, como réplicas espaciais.

Os dados de abundéancia total e por espécie forlmmados com base no
namero de individuos por arrasto (CPUE). A imparidlas espécies dominantes foi
calculada com base na média da percentagem nunfidficae frequéncia de
ocorréncia (FO%), para cada ano. Desta forma,@scies foram classificadas em:
frequente e abundante (quando N% e FO% de cadeiegsfiveram acima da média),
nao frequente e abundante (quando apenas N% despéicie esteve acima da média),
frequente e pouco abundante (quando apenas FO%gldespécie esteve acima da
média), presente (quando N% e FO% estiveram aloaxoédia) e ausente (quando a
espécie nao foi capturada) (Garcia & Vieira 206b).calculado o indice de Margalef
como um indicativo da diversidade de espécies. Base nos valores mensais por

ponto de coleta foi testado o efeito dos fatoresitRlo” e “Local” para as variaveis
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CPUE total, CPUE por espécie e indice de MargBkefa tanto, foi utilizada a Analise
de Covariancia (ANCOVA), sendo que as variaveisianthis foram incluidas como
co-variaveis. Devido ao forte efeito sazonal obsgowna regido, o fator “Estacéo do
ano” nao foi incluido na analise, sendo que a c@vel temperatura foi incluida no
modelo como indicador deste efeito sazonal. Destonfoi possivel avaliar os efeitos
dos dois fatores de interesse (“Periodo” e “Loc¢ap)os filtrar o efeito sazonal. A
escolha desta analise foi feita seguindo doisrm#e1°) ajuste dos dados aos
pressupostos das analises paramétricas (normakdaol@ocedasticidade) e, 2°)
acomodacao de dados discrepantes (outliers). @s diedabundancia foram
transformados [Log (CPUE + 1)] e as variaveis amtiais foram transformadas em
escorez. Uma possivel interacéo entre “Periodo” e “Lodaltestada e ndo se
identificando interacéo, as analises foram congszit® forma independente.

Andalise de Correspondéncia Candnica (CCA) foi ugedla identificar uma
estruturacao das espécies em relacao aos trédgeewvaliados, e avaliar a influéncia
das variaveis ambientais nesta estruttriplgt). Com o objetivo de evitar o forte efeito
sazonal, apenas os meses correspondentes ao eeradadperiodo (Janeiro, Fevereiro
e Marco) foram considerados nesta andlise. A eaac#husar o verdo foi fundamentada
em dois requisitos: i) maior abundancia dos indiggldurante esta estacao e ii) menor
variabilidade dentro do conjunto de dados analisaéara a analise foram incluidas
apenas as espécies frequentes e abundantes duvemé® e somente as variaveis
ambientais significativas (componentes do venengeratura), que foram avaliadas

usando o teste de permutacéo de Monte Carlo (8999 < 0,05) (Lep& Smilauer

2003).

3. RESULTADOS
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A média por estacdes do ano das variaveis abidtarasu ao longo dos anos,
sendo que as maiores variacdes observadas emtegiodos foram durante a primavera
e o verdo (Tabela 1). A transparéncia nao mostnoglaro padrdo de mudancas ao
longo dos periodos, sendo que os valores mediwg@sh sempre abaixo de 0,5 m. A
temperatura média da agua em superficie para c#algie do ano variou entre os
periodos, principalmente durante o verdo. Os pestdide Il apresentaram maiores
temperaturas médias (25,22 e 23,46 °C, respectitajinem comparacdo com o
periodo-I (21,75 °C). A componente zonal do vemticsaperficie também variou ao
longo dos periodos, sugerindo em média a predorimée ventos do quadrante leste
nos periodos-I e Il e do quadrante norte no perib@Tabela 1). Maiores valores de
vazao foram registrados para o periodo-Il, segpélo periodo-I, com a vazao durante
o verdo do periodo-ll sendo trés vezes maior deagueezdo dos demais periodos.

O modelo linear demonstra uma relacéo positivgmfgiativa da abundancia
total com a temperatura e a vazdo do ELP. Nao hiobeeacéao significativa entre os
fatores “Periodo” e “Local” (p = 0,46) e o modelkntbnstra diferencas significativas
nas abundancias meédias (CPUE) entre os trés peramddisados, sendo que no
periodos-Il e 11l foram registradas medias sigmificamente menores do que no
periodo-I (p < 0,001) (Tabela 2; Fig. 2a). Obsesgainda, que de uma maneira geral,
houve uma diminui¢éo na riqueza de espécies (Bige da diversidade (Fig. 2c), nos
periodos Il e Il em relac&o ao periodo-I.

Nove espécies foram frequentes e abundantes enmgelos um periodo,
sendo que apenas trés espédibsfl liza, Trachinotus marginatus Brevoortia
pectinatg foram frequentes e abundantes ao longo dos érésdos analisados (Tabela

3). A abundéancia média dé&. LizaeT. marginatudoi significativamente maior no
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periodo-I (p < 0,01), se comparadas com os peribdoBI (Fig. 3). Durante o periodo-
Il observa-se uma queda nas abundancias médMsldma (CPUE méd. = 8,67) €.
marginatus(CPUE méd. = 8,67) com um progressivo aumentoenimgo-111 (CPUE
meéd. = 19,66 e 14,02 respectivamente), porém sagirats patamares do periodo-|
(CPUE méd. = 24,65 e 27,28 respectivamente). Emlaloaes mais altos da CPUE de
M. liza sejam observados durante o periodo-Ill, nota-seegtes valores nao sao
consistentes ao longo de todo o ano, como aconteperiodo-I (Tabela 3).
Menticirrhus americanus M. littoralis foram frequentes e abundantes na primavera e
verao do periodo-I, registrando também um abrugigréficativo (p< 0,01) declinio
nas abundancias meédias nos demais periodos essudadela 3; Fig. 3).

N&o foi observada diferenca significativa entratlasndancias meédias, entre
periodos, d8. pectinatap = 0,15) Mugil curema(p = 0,13) éDdontesthes
argentinensigp = 0,66) (Fig. 3), sendo que a abundanciB.deectinataapresentou
uma queda continua entre os periodos (I CPUE méd.2; Il CPUE méd. = 4,62 el
CPUE méd. = 2,27), ocorrendo o inverso com as taptleM. curema que foram
aumentando gradativamente do periodo-I (CPUE mé¢D2) até o periodo-lll (CPUE
meéd. = 7,78)Odontesthes argentinensa frequente e abundante apenas no periodo-Il
(CPUE méd. = 4,84) apresentando baixos valorebuied@éncia média nos demais
periodos.

Temperatura e componentes do vento explicaram 28z22%ariabilidade total
dos verdes, sendo que 64,6% da variabilidade fdicada pelo eixo-1 (Tabela 4; Fig.
4), o qual parece sugerir um gradiente de temperéita correlacdo), contrastando a
temperatura da agua em superficie no verédo dodmetipnenos quente) em relacao ao

verdo dos demais periodos (mais quentes). Defoen@, a ordenacdo confirma os
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resultados encontrados nas analises anterioregndén@ando que a temperatura da agua
em superficie durante o verado do periodo-I foi rsequente, e caracterizado pela maior
abundancia dM. liza, T. marginatusB. pectinataM. americanus M. littoralis, em
relacdo aos demais periodos. As componentes do (@ortal e meridional) estiveram
fortemente correlacionadas com o eixo-2, indicantda possivel associacaole
curema Atherinella brasiliensi® T. marginatuscom vento proveniente do quadrante
sul. J&O. argentinensiparece estar mais associada a vento proveniemjeativante

oeste.

4. DISCUSSAO

Variacdes interanuais na composicao e abundan@aires séo registradas
para estuarios, as quais geralmente estdo asspdsdaudancas no regime de chuvas
da bacia de drenagem, na hidrodinamica costeir@a@agado estuarina (Martinho et al.
2009, Jenkins et al. 2010, Martino & Houde 201@nEr et al. 2011, Moraes 2011),
sendo que informacdes a respeito de possiveigs@aganteranuais (e suas causas) na
composicao e abundancia dos peixes que habitameadeoarrebentacéo, ainda sdo
escassas. Isto ocorre, principalmente devido adténcia de séries temporais (mesmo
que de curta duracao), visto que a grande maiosdrdbalhos que séo realizados neste
ambiente abordam escalas temporais menores 0 i@ meses continuos (p. ex.
Monteiro-Neto et al. 2003, Nanami & Endo 2007, Ligh&ieira 2009).

A ndo continuidade da série temporal analisadanndgermite inferir com
maior precisao, sobre tendéncias de longo-praz@ntinto, os resultados apresentados
no presente trabalho sdo suficientes para indisangudancas interanuais estao

ocorrendo na assembleia de peixes na zona de @tiache de praias arenosas do sul do
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Brasil, com destaque para espécies tipicas destiaih@. ex M. littoralis e T.
marginatu$. Estes resultados refletem os padrfes que s@&mvaloos em séries de
longo prazo para a regido. Por exemplo, uma séneaerca de 15 anos de amostragens
mensais continuas, obtidas para a praia do Casinmnstra uma forte reducéao na
abundancia de juvenis déenticirrhus(dados nao publicados; Fig. 5). Duas
caracteristicas marcaram o periodo de estudo agéebs condicbes ambientais: 1) a
presenca de um everiib Nifio de fraca intensidade (periodo-II) e 2) tendéneia d
aumento na temperatura da agua em superficietdrgténcia parece ser suportada por
séries histdricas da temperatura superficial domaaegido, obtidas a partir de modelos
gerados pela NOAA (Fig. 6).

Ecossistemas subtropicais sao caracterizados poadsasazonalidade nos
componentes biolégicos em resposta a variacaawzetatura (Day et al. 1989, Ciotti
et al. 1995, Castillo-Rivera et al. 2010, Martindd&ude 2010, Kristiansen et al. 2011).
A maioria dos trabalhos realizados na zona de antabdo de praias arenosas
subtropicais aponta a temperatura da agua em gipecomo a principal variavel
ambiental que regula os padrdes de sazonalidaéstidura e abundancia dos juvenis
de peixes encontrados neste ambiente (Bell e0@ll,2Pessanha et al. 2003, Barreiros
et al. 2004, Vasconcellos et al. 2011), sendo anmoeancontrado para as praias do sul
do Brasil (Monteiro-Neto et al. 2003, Lima & Vieig®09, Rodrigues & Vieira 2012).

A zona de arrebentacéo de praias arenosas tambensiéerada por muitos
autores como uma importante area de criacao, aiaté@n, transicao e de pre-
recrutamento para inumeras espeécies de peixeg\alimportancia comercial. Sabe-
se que durante a primavera e inicio do verao,iagegarinha costeira do RS € local de

agregacao reprodutiva para varias espécies despxienportancia ecologica e
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comercial (p. ex. a corvindicropogonias furnieriCastello 1986, Haimovici &
Umpierre 1996; o pampbrachinotus marginatusemos et al. 2011). Neste periodo, 0s
cardumes se agregam devido as condi¢Oes favodeétsnperatura da agua e de
aumento na abundancia de alimento, o qual estéiadsmo efeito cascata promovido
pela combinacao entre elevacédo da temperaturace aprte de nutrientes na regido
costeira promovido pela grande vazéo estuarinatraga durante a primavera (Chao et
al. 1985, Abreu et al. 1995, Ciotti et al. 1995 rtes et al. 2007, Garcia et al. 2012).
Além disso, é durante os meses quentes, que agoronsideravel aumento na
diversidade e na abundéancia dos juvenis de peix@sispm a zona de arrebentacao
estuarina e marinha em determinado periodo daidaaalém de ser uma estacdo onde
as variacdes nas condicbes ambientais sdo muitorese(Garcia et al. 2012). No
entanto, a tendéncia de aumento da temperatueggiéey ndo parece estar se
convertendo em condi¢cBes que favorecam as especiama de arrebentacao.

Em comparacdo com as demais espécies, o paratiremafoi a Unica
espécie que apresentou um aumento na abundanda aoddngo dos trés periodos
estudados, sendo que a maior abundancia foi raggstturante o verdo do periodo-IIl.
Este consideravel aumento na abundancia destai@sjpdongo dos periodos pode
estar relacionado a um aumento na temperatura rdadiaperficie da agua, como
observado nos resultados deste trabalho e nalsgtdeica gerada pela NOAA (ver Fig.
6), visto que juvenis dil. curemasao mais abundantes em aguas com temperatura
acima de 20°C (Vieira 1991). O aumento da temperaton regides subtropicais e
temperadas tem sido o argumento utilizado paracax@ ampliacéo e restricdo na
distribuicdo de espécies de clima quente e de dlimaespectivamente (Nakano et al.

1996, Dulvy et al. 2008). No entanto, esta hipétegeparece explicar as reducdes
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observadas para as outras espécies (p.exmericanusM. littoralis e T. marginatu}
pois elas distribuem-se em areas de clima maistgsi@o longo da costa brasileira
(Menezes & Figueiredo 1980).

Os periodos-I e lll foram caracterizados pela radidaidde de eventos ENSO,
enguanto que no periodo-II foi observadoEinNifio de fraca intensidade. Para a
regido sul do Brasil, sabe-se que os evelBld¢ifio sdo caracterizados pelo aumento
nas chuvas, predominio de ventos NE e temperanasselevadas (Grimm et al. 1998,
Barros et al. 2002). Assim, a ocorrénciaEddNifio no periodo-1l pode justificar a maior
temperatura registrada neste periodo, mas tambeépanéce elucidar os padrées
observados para as espécies. Por exemplo, juvetesndhaM. liza estdo presentes na
zona de arrebentacdo adjacente ao ELP ao longmdetano, utilizando este habitat
como local de pré-recrutamento e entrando no estqgaando as condi¢cdes sao
favoraveis (Vieira 1991). Event&d Nifio parecem afetar a variabilidade interanual na
abundancia de juvenis no ELP, pois as anomaliatvyassde vazao registradas neste
estuario durante estes eventos, tendem a blogerdraala de ovos e larvas das
espécies de origem marinha no ELP (Garcia et 8B,2@artins et al. 2007, Vieira et al.
2008, Moller et al. 2009). Portanto, esperar-sgdia a abundancia dé. liza, bem
como de outras espécies estuarino-relacionadas.(p. pectinatae M. americanuy se
mantivesse ou até mesmo aumentasse na zona dendag#n, devido ao efeito de
aprisionamento dos juvenis, causado pelo padr@oadacao costeiro e influenciado
pela forte vazao estuarina. No entanto, os reqadtadgerem uma tendéncia de reducéo
de juvenis déM. liza e de outras espécies estuarino-residentes. M(#aes),
analisando uma longa série temporal para o ELRtifa®u um declinio na abundancia

dos juvenis d#. lizaao longo dos ultimos anos (mesmo que com condig@esaveis
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para uma elevada abundéancia no estuario), infequéecefeitos antrépicos, entre eles o
aumento na pressao de pesca, poderiam estar afetaadrutamento da espécie. No
entanto, o autor enfatiza que a alta variabilidadgporal no recrutamento desta espécie
dificulta a identificacdo de padrbes claros. Teadovista que a espécie utiliza a zona
de arrebentacdo somente como area de passagefreerptamento para o estuario,
variacdes na abundancia média desta espécie nale@meebentacdo podem também
estar diretamente relacionadas aos fatores idsadiis por Moraes (2011) para o ELP.

A savelhaB. pectinataapresentou uma tendéncia de queda na abundéancia ao
longo dos periodos, resultado contrario ao obtataoraes (2011) que observou um
aumento na abundancia desta espécie no ELP. Nut@ndave-se ressaltar que o
habitat preferencial desta espécie quando juvemigtuario e ndo a zona de
arrebentacao de praias marinhas, que € utilizadarge como uma area de passagem.
Sendo assim, a hipotese mais plausivel é que axlpsrde baixa abundanciaBle
pectinatana zona de arrebentacéo, coincidem com periodosrakcdes favoraveis
para que os juvenis desta espécie penetrem naiest@rrendo uma queda natural na
sua abundancia na zona de arrebentacéo, devidsshkiramento dos juvenis para o
interior do estuario.

Duas espécies tipicas da zona de arrebentacaoaias go sul do Brasil, o
pampoT. marginatuse o papa-terr¥. littoralis, apresentaram uma tendéncia de queda
na abundancia média ao longo dos periodos anatisAdupotese mais provavel para
explicar esta tendéncia estaria relacionada a uneaid na pressao de pesca exercida
sobre estas espécies, ao longo dos ultimos arfoenkcdes referentes a
desembarques/capturastdemarginatusao praticamente inexistentes e quando

existentes sdo confusas, mas parecem indicar tapesg®gcie € capturada
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principalmente durante o inverno, por pescadoresdanes do litoral norte do estado do
Rio Grande do Sul (Peres & Klippel 2005) e por pdsces artesanais que utilizam
redes de espera na zona de arrebentacédo da p@assimo. Em geral, as capturas séo
compostas, na sua maioria, por individuos abaix@eh@nho de primeira maturacéao
(Lemos 2010). Ja o papa-teha littoralis e a espécie estuarino-relacionadla
americanussdo as principais espécies alvo da pesca amanltwago de todo o litoral
do RS, sendo capturadas durante todo o ano nallitorte do estado (Santos-Lewis et
al. 1999, Braun & Fontoura 2004, Peres & Klipped20e durante a primavera e o
verao no litoral sul. A pressao de captura noditaprte € maior sobre os individuos
que ja atingiram o tamanho de primeira maturacaat(s-Lewis et al. 1999), enquanto
que cerca de 50% dos individuos capturados nallisoil geralmente estao abaixo do
tamanho de primeira maturacdo de 200 mm (Basagliee&a 2005). Além da pesca
amadora, ha registro de uma pesca artesanal @dedeepraia, voltada especificamente
para a captura destas espécies, porem sem regtédgde registro de capturas.
Somando-se a isto, estas espécies sdo pescadasdasnde emalhe de fundo, pela
frota industrial costeira da regido sul do Brasligpel et al. 2005).

Ainda que a temperatura da dgua em superficietradgspara os verdes dos
trés periodos analisados tenha mostrado uma coésgdielevacao, o que poderia
favorecer o aumento na abundancia das espécidsequentam a zona de
arrebentacao, o padrao encontrado foi o inverdapétese mais plausivel para explicar
a diminuicdo na abundancia de juvenis de certa&cespi. liza, T. marginatusM.
littoralis e M. americanugseria 0 aumento na pressao de pesca destasesspéci
dominantes na zona de arrebentacéo, o que podaussdo uma consideravel reducéo

nos estoques, principalmenteMelittoralis e M. americanusespécies que sao
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consideradas tipicas deste ambiente e que sofrenagesca no litoral do estado, ao
longo de todo o ano.

No entanto, embora a hipétese de um aumento nsdarele pesca sobre as
espécies acima citadas possa explicar a quedaundairia das espécies dominantes
na zona de arrebentacdo, ela por si s6, ndo explecgueda na riqueza de espécies e
diversidade observada ao longo dos periodos llelirelacéo ao periodo I. De fato,
outros fatores podem afetar o recrutamento em agusdsiras e consequentemente a
abundancia das espécies. Tais fatores podem sticabi(como 0s previamente
discutidos) e/ou interacdes bidticas, tais commeagnca/auséncia de recursos
alimentares em quantidades suficientes, predaegmoresenca de adultos desovando
proximo a costa. Além disso, perturbacdes fisicasabitat, podem ter efeito indireto
sobre a abundancia de determinadas espécies. Gample, perturbacdes causadas
por deposicao de lama fluida na zona entremagse éem ocorrido com certa
frequencia desde 1998 na praia do Cassino (Cadliali 2000, MonAlverne et al.
2012), podem causar efeito negativo e direto (rmdaade) sobre a associacao
macrobentdnica da zona entremarés (Silva et aB)2q0e constitui um importante
recurso alimentar para as espécies que estdom@eta relacionadas com a zona de
arrebentacao (i.eMenticirrhusspp. €T. marginatuy (Monteiro-Neto & Cunha 1990,
Rodrigues & Vieira 2010, Mohilverne et al. 2012). Além do mais, Mohlverne et
al. (2012) demonstraram que durante um evento plesdgio de lama na praia do
Cassino, a abundancia bk littoralis foi maior nas areas sem lama, do que nas areas
com lama, o que pode indicar que a espécie estatando locais com reduzida
disponibilidade alimentar e com ondas mais atersidartanto, mudancas no tipo de

sedimento do ambiente e na qualidade da agua (naésial fino em suspenséo)
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certamente diminuem a quantidade de alimento digpbpara estas espécies, o0 que
pode estar acontecendo a partir da recorrénciagdegentos de deposicao de lama
fluida.

Embora a salinidade seja um fator importante dratesar a assembleia de
peixes que estdo diretamente relacionados comuaras{Able et al. 2006, Wasserman
& Strydom 2011) ela ndo é significativamente impaoté para as espécies que usam o
dindmico ambiente da zona de arrebentacéo das pr@aosas adjacentes ao estuario
da Lagoa dos Patos (Rodrigues & Vieira 2012). Atksso, a queda na riqueza de
espécies e diversidade, observada ao longo daxlpsranalisados, dificilmente
poderia ser atribuida a elevacéo desta variawh gue muitas das espécies que sao
responsaveis por um aumento na riqueza e diversigia@x.T. falcatus Selene
vome), principalmente durante a primavera e o ver&dpesssociadas com as aguas
mais quentes e salinas da corrente do Brasil, guentk esta época do ano atingem
latitudes mais altas (Moéller et al. 2008). No etdaespécies estuarino-relacionadas e
gue toleram menos o0 aumento da salinidade (pAteerinella brasiliensispoderiam
ser inibidas, evitando a zona de arrebentacéo supgniodos de elevada salinidade.

Em sintese, a abundancia média das espécies daesmensistema caiu
sistematicamente ao longo dos periodos analisadatgres, como por exemplo, a
variabilidade natural (em menor grau) imposta atesia e a propria pressao de pesca,
podem estar levando uma diminui¢cdo do estoquedafooe, consequentemente, a

uma reducdo no recrutamento das espécies diretatigadas a zona de arrebentacao.
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Tabela 1.Valores médios das varidveis ambientais usadasdlae entre os trés periodos. Valores expressaosalia (Méd.) e desvio
padrédo (DP).

Transparéncia Temperatura  Salinidade em Vento em Vento em Vazdao Estuario
(m) da agua em superficie superficie superficie (m¥/s™h)
Periodo Estaco superficie (°C) zonal (m/s) meridional
(m/s)
Méd. DP Méd. DP Méd. DP  Méd. DP  Méd. DP Méd. DP
Ano | Inverno 0,19 0,12 14,42 1,73 1559 558 -0,98 1,80 -1,06 1,20 2258,75 1094,01
Primavera 0,29 0,25 19,25 1,22 21,07 490 -257 043 -0,65 1,00 1606,53 1014,19
Verao 0,25 0,08 21,75 0,97 16,89 6,20 -2,01 040 -091 0,42 557,25 208,55
Outono 0,48 0,35 17,88 1,55 21,35 6,91 -0,52 058 -0,39 0,02 1982,96 139,25
Ano Il Inverno 0,42 0,22 14,19 1,07 23,13 5,08 -0,52 221 0,49 0,77 1860,15 1056,78
Primavera 0,33 0,26 19,95 2,01 2491 464 -248 050 -251 0,66 354540 1097,57
Verao 0,40 0,16 25,22 1,97 27,25 2,86 -0,66 0,20 -2,20 0,83 1830,36 1350,31
Outono 0,30 0,21 18,67 2,99 28,83 3,04 -041 0,62 -0,29 0,50 940,02 312,05
Ano I Inverno 0,26 0,08 12,60 1,78 2434 6,61 -1,05 1,36 -1,11 0,96 2411,77 867,55
Primavera 0,37 0,24 19,00 2,01 27,33 6,09 -2,15 0,74 -0,22 1,63 475,85 189,53
Veréo 0,35 0,24 23,46 2,10 36,18 1,48 -3,70 0,17 -0,31 1,03 593,43 182,22
Outono 0,38 0,19 18,58 2,39 33,13 144 0,34 054 0,25 0,66 928,44 187,49
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Tabela 2.Andlise de covariancia (ANCOVA) da abundancia, peniodos. gl = graus

de liberdade, SQ = soma dos quadrados e QM = qimdnadio. Valores em negrito

sao significativos.

Fontes de variacdo gl SQ QM Teste F p-valor
Intercepto 1 266,50 266,50 1221,26 0,000000
Temperatura da agua 1 14,02 14,02 64,26 0,000000
em superficie

Vazao 1 1,01 1,01 4,61 0,033640
Periodo 2 4,50 2,25 10,32 0,000067
Local 1 2,39 2,39 10,97 0,001185
Periodo*Local 2 0,34 0,17 0,78 0,460325
Erro 136 29,68 0,22

Total 143 49,84
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Tabela 3.Importancia das espécies dominantes na zonaelseatacdo das praias arenosas adjacentes ao EaRtedos trés periodos

analisados. Méd. = Média e DP = Desvio padréo.

Espécies Periodo | Periodo Il Periodo Il
P Inv Pri Ver Out Méd. DP Inv  Pri Ver Out Méd. DP Inv Pri Ver Out Méd. DP
Mugil liza 16,33 26,63 28,92 26,72 LN R 5 35 13,950 8,67 4,69 {oRele] 19,66 16,25

Trachinotus marginatus EMHGEMRCHIECVRYEICRX] 27,28 38,68 0,25 mliRrisR.y; 8,67 11,59 0,27 0,42 1,63 14,02 26,50

Odontesthes 0,10 1,58 6,52 0,63 2,21 2,94 EEWCENERCISEENCR:Y] 484 6,26 0,33 058 143 0,38 0,68 0,51
argentinensis

Menticirrhus americanus - BRG] 0,53 6,71 5,35 - - 0,18 0,28 0,23 0,07 - 0,47 0,07
Menticirrhus littoralis 0,18 0,72 6,33 7,89 - 0,03 2,07 163 1,24 1,07 0,15 0,39 0,44
Mugil curema 0,07 0,70 2,35 0,95 1,02 0,9 0,13 0,28KRY 2,45 4,32 1,32 7,78 12,24
Oncopterus darwinii 499 6,60 0,05 0,35 0,13 - 0,18 0,15 - 0,69 0,93
Bervoortia pectinata 6,72 10,13 0,03pKXys 2,33@pNWEY 4,62 4,93 0,25 2,27 3,62
Atherinella brasiliensis 0,03 0,12 2,69 5,25 - 1,77 0,03 0,05 0,62 1,00 0,23 0,16 0,11
Mugil cf. hospes - 0,02 1,200 3,93 1,72 2,01 - - 0,22 0,15 0,18 0,05 0,10 0,07 0,05
Lycengraulis grossidens - 0,05 0,07 0,03 0,05 0,02 0,02 0,138 9,73 0,03 2,48 4,84 0,03 0,04 0,02
Outras espécies 0,230,83 2,60 0,18 0,9 1,13 0,17 048 1,18 0,38 0,55 0,44 0,90 0,76 0,92
CPUE total 21,0873,38 175,1 58,28 7,45 39,72 58,58 30,30 37,15 8,53 93,33 35,90

Numero de espécies 13 16 23 18 11 16 19 15 7 11 19 16

Margalef 3,94 3,49 4,26 4,18 498 4,07 4,42 4,10 1,66 4,66 3,97 4,19

Il Frequente e abundante.
1 Frequente e ndo abundante.
B Abundante e néo frequente.
[_1 Presente.

- Ausente
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Tabela 4.Resultados da CCA com base na abundancia re(&REE) das espécies

dominantes somente durante o verédo de cada periodo.

Eixos 1 2 3
Matriz de correlacao
Temperatura da agua em 0,6674 0,3915 -0,6335
superficie
Vento em superficie - zonal 0,1003 -0,6291 087
Vento em superficie - -0,4043 0,9070 0,1178
meridional
Resumo estatistico da ordenacao
Auto-valores 0,150 0,074 0,008
Correlacdo espécies-variaveis 0,647 0,586 0,305
Porcentagem da variancia
explicada
Espécies 15,0 22,3 23,2
Relacéo espécies-variaveis 64,6 96,4 100,0
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Figura 3. Variacdo na abundancia média (CPUE) das espéotespyasentaram uma
marcada variacdo na abundancia ao longo dos trigglps analisados (Periodo-I =
Junho 2001/Maio 2002; Periodo-Il = Julho 2009/Jud®dib0; Periodo-Ill = Julho

2010/Junho 2011). Barras verticais indicam intendd confianca a 95%.
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Figura 4. Analise de Correlacdo Canbnica (CCA) com baséoadéncia relativa
(CPUE) das espécies dominantes e distribuicdo atéveis ambientais ao longo dos
trés periodos analisados. MUGCURMgil curema ATHBRA = Atherinella
brasiliensis TRAMAR = Trachinotus marginaty8REPEC =Brevoortia pectinata
MUGLIZ = Mugil liza, MENAME = Menticirrhus americanusMENLIT =
Menticirrhus littoralise ODOARG =Odontesthes argentinensiBESUP =
Temperatura da agua em superficie (°C), VSM = Ventsuperficie - meridional

(m/s), VSZ = Vento em superficie - zonal (m/s).
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Figura 5. Evolucao temporal da abundancia (individuos p@séon) de juvenis do
géneroMenticirrhus(M. americanus M. littoralis) em dois sitios (A = Estacéo

Marinha de Aquacultura e B = molhe oeste da baarbadjoa dos Patos) de amostragem
na praia do Cassino (RS — Brasil) entre agost®8é & agosto de 2012 (Dados
fornecidos pelo projeto PELD site 8).
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